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Abstract 
As a result of the global phenomenon, known as population ageing, there is an 
increasing proportion of older adults in the population. Chronic diseases are highly 
prevalent in older populations, and are therefore becoming a growing problem 
worldwide. Focusing on prevention of chronic disease will improve quality of life 
and reduce the financial pressures the ageing population has on healthcare systems. 
Cardiovascular disease and Type 2 diabetes are two major chronic disease 
concerning older adults in Australia and worldwide. Collectively known as 
cardiometabolic disease, these are preventable diseases through the modification of 
behavioural risk factors such as diet. Targeting such risk factors is an important 
public health goal to reduce the burden of cardiometabolic risk. 
Dietary pattern analysis is a useful and complementary research approach to 
examining individual food or nutrients when exploring diet and disease 
relationships. Since there are no gold standard procedures for assessing dietary 
patterns, further work toward understanding the different approaches is required to 
broaden the understanding of dietary patterns and their methodology. There is 
limited understanding of the dietary patterns of older adults in the peri-retirement 
transitional life stage, a time in which behaviours are likely to change and dietary 
intervention may be beneficial. Therefore, this thesis aims to address these gaps in 
the literature. 
The data from the longitudinal Wellbeing Eating and Exercise for a Long Life 
(WELL) study provided an opportunity to explore the dietary patterns of peri-
retirement aged adults. The WELL study aimed to examine nutrition and physical 
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activity behaviours, obesity and quality of life among older adults, aged 55-65 
years, and to track changes in these behaviours and outcomes over 4 years. This 
thesis outlines the methods of the WELL study in detail. The dietary patterns of 
adults aged 55-65 years are identified and described using three common methods 
of dietary pattern assessment methods (principal component analysis, cluster 
analysis and a diet quality index) and compared. The Dietary Guidelines Index 
(DGI-2013), a measure of diet quality was updated as part of this work, based on 
the revised Australian Dietary Guidelines and used to assess the diet quality of this 
population. Dietary patterns were also explored in relation to key participant 
characteristics including sociodemographic, anthropometry and other health-
related behaviours and characteristics. PCA and cluster analysis identified two key 
dietary patterns and diet quality was positively associated with the patterns 
characterised by fruit and vegetable consumption and inversely associated with 
patterns characterised by consumption of red and processed meat and refined 
grains. The results of this study showed that those with poorer diets tend to smoke 
and not meet physical activity recommendations. 
Furthermore, how dietary patterns track throughout the peri-retirement period is 
not well understood. This thesis explored changes in dietary patterns over four 
years, comparing the use of the three different methods. Dietary patterns identified 
over time remained similar in women, however there were variations in the 
patterns observed for men. When considering the individuals, it was evident that 
there was variability within the identified dietary patterns with reduced frequency 
of food consumption, instability of dietary cluster membership and significant 
changes in individual component scores of the diet quality index observed. Several 
predictors of changes in dietary patterns were identified, with higher education and 
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positive lifestyle behaviours tending to predict an increase in healthier dietary 
patterns or predicted stability of a healthy pattern. 
Further to understanding how dietary patterns change, understanding how they are 
associated with cardiometabolic risk would help drive future public health 
initiatives. Several associations were found supporting that a change towards a 
healthier dietary pattern characterised by fruit and vegetables is associated with 
more favourable biomarkers. However, some of the identified dietary patterns, 
including diet quality assessed via the DGI-2013, were not significantly associated 
with any biomarkers of cardiometabolic risk. This thesis adds to the understanding 
of empirical dietary pattern methods and their use longitudinally. The complexities 
of assessing dietary patterns and cardiometabolic risk relationship are also 
highlighted.  
In conclusion, the dietary patterns of peri-retirement aged adults are poor. Those 
with lower socioeconomic position and reporting negative health-related 
behaviours (smoking and not meeting physical activity recommendations) are at 
particular risk of poorer diet and should be targeted in health initiatives. Over four 
years men increased their vegetable consumption and decreased their diet variety, 
salt use, sugar intake and alcohol consumption. While women decrease their diet 
variety, fruit, water, discretionary food and extra sugar intake and increased their 
saturated fat intake. Highlighting potential and important target areas for change. 
Change in dietary patterns towards a poorer diet (processed meat and refined 
grains compared to fruit, vegetables, fish and poultry) was also associated with 
increased cardiometabolic risk measured by cardiometabolic biomarkers, however 
confirmation in further studies is required.  
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Chapter 1: Introduction 
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Chapter 1: Introduction 
Diet is an important risk factor for cardiometabolic diseases including 
cardiovascular disease and Type 2 diabetes. Of particular concern are those within 
the peri-retirement age group where these diseases begin to manifest. Improving 
diet within this age group will assist in reducing the burden of cardiometabolic 
diseases in older adults and is therefore an important public health goal. There is 
little research available that describes the diets of peri-retirement adults nor that 
looks at the relationship between dietary patterns and cardiometabolic risk in this 
population. This thesis aims to address these gaps.  
An overview of cardiometabolic disease risk and dietary pattern analysis is 
presented in Chapter two. Diet is a complex exposure and dietary patterns are a 
holistic way of exploring it. Dietary pattern assessment is an emerging field of 
nutrition research; however, there are no standard techniques or protocols for 
dietary pattern assessment making comparison across studies difficult. This thesis 
explores common dietary pattern methods used in nutrition research, comparing 
the methods between one another and the subsequent result obtained. Comparison 
of the methodologies used to assess dietary patterns is important to help improve 
methods and consolidate evidence and will help inform researchers when 
developing dietary pattern methods for future nutrition research.  Chapter two also 
discusses the current literature regarding dietary patterns and biomarkers of 
cardiometabolic risk in older adults, finding that few studies are available in this 
population group. 
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Chapter three of this thesis discusses the methodology, procedures and measures of 
the Wellbeing Eating and Exercise for Long Life (WELL) study, a longitudinal 
study of older adults conducted in Melbourne, Australia in 2010 until 2014. The 
WELL study investigated potential influences on diet and physical activity among 
adults aged 55 years and over. Details of the study’s participants, recruitment 
methods, and the methods of the study are outlined. Nested within the WELL study 
was the Heart Health study. The WELL Heart Health study aimed to examine the 
influence of dietary behaviour on cardiometabolic disease in adults. The 
methodology, procedures and measures of the Heart Health study are also outlined 
in Chapter three. 
Chapters four, five and six are the results chapters of this thesis. The dietary 
patterns of the WELL study sample are determined in Chapter four. Detailed 
descriptions of three methods used to assess dietary patterns are presented 
including principal component analysis, cluster analysis and the development of a 
revised dietary guideline index used to assess diet quality. The sociodemographic 
and participant characteristics of the sample are explored across each dietary 
pattern, followed by a comparison of the dietary patterns obtained from each of the 
three methods. In Chapter five, the longitudinal change in dietary patterns of the 
WELL study participants are explored. Further to this, potential predictors of 
change in dietary patterns are identified. The final results chapter, Chapter 6, 
investigates the relationship between changes in the dietary patterns of the WELL 
Heart Health study participants over two years and their cardiometabolic risk 
according to biomarkers. Finally, Chapter seven discusses the overall finding of 
this thesis, the strengths and limitations and the implications the results have for 
public health practice and recommendations for future research are outlined.
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Chapter 2: Literature Review 
2.1 Ageing population and chronic disease 
Population ageing is a global phenomenon resulting from increased life expectancy 
and decreased birth rates. However, increased longevity is not necessarily 
accompanied by an extended period of good health. Older people tend to be more 
susceptible to illness and chronic disease; therefore, the large proportion of people 
entering older age presents major health challenges (World Health Organization, 
2015b). It is important that older adults maintain good health and quality of life in 
order to continue their valuable contribution to society and, to manage the 
economic pressures of the growing health and aged care service demand (The 
Lancet, 2013; World Health Organization, 2015b). It is estimated that 80% of 
health problems associated with old age can be prevented or postponed through 
lifestyle change and, that implementing lifestyle initiatives in 50+ age groups is 
likely to provide benefit (Department of Health and Ageing, 2001). With 
appropriate health policy and program implementation, older people should be able 
to remain healthy, independent, and continue to contribute positively in the 
community well into their later years (Australian Institute of Health and Welfare, 
2010; World Health Organization, 2012b; World Health Organization, National 
Institute on Aging, & National Institute of Health, 2011). 
Chronic disease is a major health concern among older adults (World Health 
Organization, 2015b). Consequences of chronic disease are morbidity, poor quality 
of life and ultimately premature death, with more than 40% of deaths due to 
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chronic disease occurring before the age of 70 (World Health Organization, 2014). 
Cardiovascular disease (CVD) is a major contributor to chronic disease-related 
deaths in Australia (Australian Institute of Health and Welfare, 2014b) and around 
the world. Globally CVD accounts for almost half (42%) of the chronic disease-
related deaths (World Health Organization, 2014). Diabetes, another major concern 
in older adults, is responsible for 4% of chronic disease-related deaths world wide 
(World Health Organization, 2014) and is often associated with comorbidities such 
as hypertension, dyslipidaemia, stroke and CVD (Australian Institute of Health and 
Welfare, 2014b). Although chronic disease-related mortality is expected to 
decrease, annual occurrences are predicted to rise as a result of population ageing 
(World Health Organization, 2014). Promisingly, CVD and Type 2 diabetes are 
highly preventable through feasible and cost effecting interventions including the 
management of key health-related behavioural risk factors (World Health 
Organization, 2014). 
2.1.1 Cardiovascular disease 
CVD includes a broad range of conditions of the heart and blood vessels (Mendis, 
Puska, Norrving et al., 2011). Common CVD include hypertension, heart failure, 
coronary heart disease, acute myocardial infarction (heart attack) and 
cerebrovascular disease (stroke) (Mendis et al., 2011). Underlying CVD is the 
accumulation of fat and other material that is deposited along the inside walls of 
the blood vessels, known as atherosclerosis (Hong, 2010; Mendis et al., 2011). 
This build up of material can restrict blood flow or detach, causing a blockage, 
heart attack, or stroke (Mendis et al., 2011). The development of atherosclerosis 
and CVD risk can begin as early as childhood and progresses slowly into 
adulthood before it becomes symptomatic (Hong, 2010). Improvements in 
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prevention, detection and clinical management of CVD have significantly 
decreased mortality rates. For example, in Australia, mortality caused by CVD had 
decreased by approximately 78% since 1968 (Australian Institute of Health and 
Welfare, 2012). However, CVD still remains a leading cause of death (World 
Health Organization, 2014).  
2.1.2 Type 2 diabetes 
Diabetes mellitus is a metabolic disorder characterised by hyperglycaemia and 
disturbances in metabolism (Legato, Gelzer, Goland et al., 2006). These 
abnormalities are a result of insufficient insulin production and ineffective insulin 
action (World Health Organization, 2006). There are two types of diabetes. Type 1 
diabetes is an auto-immune condition, in that the body attacks the insulin-
producing cells of the pancreas (Atkinson & Eisenbarth, 2001). The aetiology of 
Type 1 diabetes remains unknown, and therefore it cannot be prevented (Atkinson 
& Eisenbarth, 2001). However, Type 2 diabetes is highly preventable and mediated 
by modifiable behavioural factors such as diet and physical activity (World Health 
Organization, 2009). Type 2 diabetes is a result of sustained hyperglycaemia, 
causing changes in insulin production and reduced effectiveness of insulin action 
on cells resulting in metabolic imbalances (DeFronzo, 1999). Diabetes is linked to 
micro- and macro-vascular diseases affecting the eyes, kidneys, nervous system 
(Legato et al., 2006; Mendis et al., 2011) and is a major risk factor of 
cardiovascular disease (Schnell, 2005). The majority (90%) of people with diabetes 
have Type 2 (American Diabetes Association, 2012a). 
2.1.3 The link between cardiovascular disease and diabetes 
The risks factors associated with CVD and Type 2 diabetes are similar (Mendis et 
al., 2011) and it is common for the two conditions to coexist, worsening a patient’s 
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prognosis (Mendis et al., 2011; Schnell, 2005). For example, insulin resistance and 
impaired glucose tolerance are key characteristics of Type 2 diabetes, however 
they also increase the risk and accelerate CVD development (Coutinho, Gerstein, 
Wang, & Yusuf, 1999; Meigs, Larson, D'Agostino et al., 2002; Reaven, 2012; 
Schnell, 2005). Furthermore, CVD is a major complication and the leading cause 
of death among diabetics (Hu, Jousilahti, Qiao, Katoh, & Tuomilehto, 2005; 
Legato et al., 2006). By the time Type 2 diabetes has been diagnosed it is likely 
that patients will already have cardiovascular complications (Hu, Stampfer, 
Haffner et al., 2002; Legato et al., 2006; Schnell, 2005). This relationship has been 
shown to exist up to 15 years before the diagnosis of diabetes (Gaede, Lund-
Andersen, Parving, & Pedersen, 2008). Standards of medical care in diabetes 
suggests that effective management of traditional CVD risk factors such as 
hypertension and dyslipidaemia is important in the management and treatment of 
diabetic patients (American Diabetes Association, 2012b; Tonkin, Barter, Best et 
al., 2005). Likewise, it is common for impaired glucose tolerance to be newly 
detected in patients after an acute CVD event (Bartnik, Ryden, Ferrari et al., 2004; 
Lankisch, Futh, Schotes et al., 2006; Rathmann, Icks, Haastert et al., 2002). 
Addressing multifactorial risk factors in CVD and diabetic patients has enhanced 
prevention and management of these diseases (Gaede et al., 2008; Gaede, Vedel, 
Larsen et al., 2003; Schnell, 2005). 
The term ‘cardiometabolic risk’ was devised to recognise the interconnectedness of 
the risk factors predictive of both CVD and Type 2 diabetes (Beckley, 2006). 
Cardiometabolic disease describes a broad group of conditions including, CVD, 
Type 2 diabetes, and other related cardiovascular or metabolic abnormalities 
(Beckley, 2006). The aetiology of these diseases is multifactorial, resulting from 
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interactions between genetic susceptibility as well as environmental and 
behavioural influences (Legato et al., 2006; Leiter, Fitchett, Gilbert et al., 2011). 
2.1.4 Cardiometabolic disease in older adults  
Ageing is associated with life long accumulation of cellular damage resulting in 
progressive general impairment in functional abilities (World Health Organization, 
2015b). Increased age is associated with reduced cardiovascular function, reduced 
insulin sensitivity, higher levels of circulating inflammation markers, increased 
body fat, muscle loss, peripheral vascular disease and immobility (Bruunsgaard & 
Pedersen, 2003; Cruz-Jentoft, Baeyens, Bauer et al., 2010; Dominguez & 
Barbagallo, 2007; Karakelides, Irving, Short, O'Brien, & Nair, 2010). The sum of 
these changes contributes to the increased cardiometabolic risk (Bruunsgaard & 
Pedersen, 2003; Najjar, Scuteri, & Lakatta, 2005) and prevalence in older adults 
(Rhoades, Welty, Wang et al., 2007; World Health Organization et al., 2011). 
Other age-related physiological changes that contribute to the increased 
cardiometabolic risk include weight gain, increased body fat and menopause in 
women (Montani, Carroll, Dwyer et al., 2004; van der Schouw, van der Graaf, 
Steyerberg, Eijkemans, & Banga, 1996). For example, age-related weight gain 
occurs due to increased body fat, reduced lean muscle mass, slowed metabolism 
and reduced physical activity (Roberts, 1996; Williams & Wood, 2006). 
Australians are continuing to gain weight as they age until at least 75 years of age 
(Bennett SA, 2004). Approximately two thirds of 55-64 year olds were overweight 
or obese in 2011-12 and older adults aged 55 to 75 years have the highest 
proportion of overweight and obesity compared to other age groups (Australian 
Bureau of Statistics, 2013a). Strong evidence supports that weight gain and obesity 
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is a key cardiometabolic risk factor (Mendis et al., 2011; Wannamethee, Shaper, & 
Walker, 2005; World Health Organization, 2009). 
Further to the biological changes associated with ageing, is the increase in time 
exposed to detrimental health-related behaviours such as smoking, physical 
inactivity and poor diet. Research has shown that addressing health-related 
behaviours such as these can significantly reduce the risk or prevent the onset of 
cardiometabolic conditions (American Diabetes Association, 2012b; Department 
of Health and Ageing, 2001; Mendis et al., 2011; World Health Organization, 
2014) including among older adults (Department of Health and Ageing, 2001). 
2.2 Cardiometabolic risk factors 
Cardiometabolic risk factors can be grouped into non-modifiable and modifiable 
risk factors. Non-modifiable risk factors include but are not limited to sex, age, 
culture and family history. Although they cannot be changed, they are important to 
identify since they are strongly associated with cardiometabolic disease patterns of 
occurrence and severity of symptoms (Mendis et al., 2011; World Health 
Organization, 2009).  Modifiable risk factors include environmental and 
behavioural factors such as socioeconomic position, weight status, medical history 
and medication use, diet, smoking and physical activity. 
Through their interconnectedness, detrimental behaviours such as poor diet, 
smoking and inadequate physical activity can trigger physiological changes to 
biomedical risk factors including excess weight gain, raised blood pressure, 
hyperglycaemia, dyslipidaemia and chronic inflammation (World Health 
Organization, 2009). These physiological changes are known to contribute to 
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cardiometabolic disease development (World Health Organization, 2009) (Figure 
2.1). Strong evidence has suggested that lifestyle modifications such as weight 
loss, increased healthy eating, smoking cessation, and increased physical activity 
reduces the incidence of CVD (Farrell & Keeping-Burke, 2014) and Type 2 
diabetes (Chen, Pei, Kuang et al., 2015). Biomedical factors such as obesity, 
glucose metabolism, lipid profile and systemic inflammation can be combined to 
gauge an overall metabolic syndrome risk that is linked to cardiometabolic risk 
(Alberti, Zimmet, & Shaw, 2006). The following section discusses key biomedical 
cardiometabolic risk factors.  
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Figure 2.1: Causal chain of cardiometabolic risk factors 
Adapted figure from page 2 in Global health risk: Mortality and burden of disease attributable to selected major risks (World 
Health Organization, 2009). 
 
Body Mass Index 
Obesity is a condition of an excess of accumulated body weight (World Health 
Organization, 2012a). Obesity significantly increases the risk of CVD and Type 2 
diabetes amid many other adverse health problems that ultimately increase 
disability and reduce life expectancy (Haslam & James, 2005; Wannamethee & 
Shaper, 1999). Although excess body weight is a cardiometabolic risk factor in 
itself, obesity exacerbates other risks such as high blood pressure, insulin 
resistance, dyslipidaemia, and systemic inflammation (Gundogan, Bayram, Capak 
et al., 2009; Haslam & James, 2005; Reaven, 2011). The prevalence of obesity has 
doubled in the last 30 years with a total of 11% of the world’s men and 15% of 
women obese in 2008 (World Health Organization, 2015a). Epidemiological 
studies have established clear positive associations between BMI and 
cardiometabolic risk (American Diabetes Association, 2012b; Dalton, Cameron, 
Zimmet et al., 2003; Katzmarzyk, Reeder, Elliott et al., 2012; Narayan, Boyle, 
Thompson, Gregg, & Williamson, 2007). 
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Glucose metabolism 
Impaired glucose tolerance is a precursor of Type 2 diabetes and is also known as 
pre-diabetes. This is when the blood concentration of glucose is higher than 
normal, but not high enough for diabetes diagnosis (American Diabetes 
Association, 2012a). The two main clinical measures of glucose tolerance are the 
oral glucose test and fasting blood glucose (American Diabetes Association, 
2012a). More recently, glycated haemoglobin (HbA1c) has been under 
investigation (American Diabetes Association, 2012b; Colagiuri, 2011; 2009) and 
is being used as a clinical biomarker (d'Emden, Shaw, Colman et al., 2012). 
HbA1c measures the average blood glucose level over the previous few months by 
measuring the amount of glucose attached to haemoglobin molecules. Strong 
evidence has shown that HbA1c is associated with an increased risk of developing 
diabetes (Selvin, Steffes, Zhu et al., 2010; Zhang, Gregg, Williamson et al., 2010) 
and CVD (Blake, Pradhan, Manson et al., 2004; Khaw, Wareham, Bingham et al., 
2004). HbA1c is less variable than the measure of blood glucose concentrations 
(Selvin, Crainiceanu, Brancati, & Coresh, 2007). Evidence supports the use of 
HbA1c as a diagnostic tool for diabetes (Lu, Walker, O'Dea, Sikaris, & Shaw, 
2010; Selvin et al., 2010). 
Insulin resistance is a metabolic abnormality in which there is reduced sensitivity 
to insulin, making insulin unable to effectively stimulate the cells to uptake glucose 
(Fulop, Tessier, & Carpentier, 2006). As a result, blood glucose concentrations 
rise. Insulin resistance usually begins to occur and progress slowly with no 
symptoms prior to diabetes being diagnosed (Legato et al., 2006). Insulin 
resistance is strongly associated with increased risk of cardiometabolic disease 
(Meigs, Rutter, Sullivan et al., 2007; Reaven, 2012). To directly measure insulin 
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resistance, techniques include the glucose clamp and insulin suppression tests, 
however, these measures are expensive, time-consuming and labour intensive 
(Muniyappa, Lee, Chen, & Quon, 2008). Population-based approaches to 
measuring insulin resistance can be derived from a fasting blood test (Muniyappa 
et al., 2008). Plasma insulin concentrations can independently be used as a proxy 
for predicting insulin resistance or modelled in conjunction with fasting glucose 
concentrations to determine estimated insulin resistance as a percentage of the 
normal reference range via the homeostasis model assessment (HOMA) 
(Ferrannini & Mari, 1998; Matthews, Hosker, Rudenski et al., 1985; Muniyappa et 
al., 2008). It has been demonstrated that HOMA is a reliable and valuable measure 
of insulin resistance for use in population-based studies (Wallace, Levy, & 
Matthews, 2004) with strong correlations with the glucose clamp method (Bonora, 
Targher, Alberiche et al., 2000) and increased diabetes risk (Song, Manson, Tinker 
et al., 2007). 
Lipid profile 
Atherogenic dyslipidaemia is characterised by elevated total serum cholesterol, 
triglycerides (TAG), and low-density lipoprotein cholesterol (LDL-C), along with 
lowered concentrations of high-density lipoprotein cholesterol (HDL-C) (Bamba & 
Rader, 2007; Gau & Wright, 2006). Elevated cholesterol encourages 
atherosclerosis development by contributing to the formation of fatty plaques 
within the vessels of the cardiovascular system (Gau & Wright, 2006). HDL-C is a 
transporter lipoprotein that transports cholesterol away from the cells to the liver 
for re-cycling or excretion. For this reason it is important to have high 
concentrations of this type of cholesterol (Tonkin et al., 2005). All the other 
cholesterol concentrations should remain low. Dyslipidaemia is mediated by 
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obesity, poor diet, and low physical activity (Bamba & Rader, 2007; Gau & 
Wright, 2006). It is well documented that atherogenic dyslipidaemia increases the 
risk of cardiometabolic diseases (American Diabetes Association, 2012a; Brunner, 
Mosdol, Witte et al., 2008; Tonkin et al., 2005). Blood concentrations of total 
cholesterol, TAG, HDL-C, and LDL-C are traditional markers of cardiometabolic 
risk (Tonkin et al., 2005).  
Inflammation 
Inflammation is a normal function of they body that occurs in response to injury to 
initiate defence against pathogens and to repair damaged tissue (Calder, Ahluwalia, 
Brouns et al., 2011). Chronic inflammation, also known as low-grade 
inflammation, is characterised by sustained elevated concentrations of 
inflammation markers in the circulatory system. Low-grade inflammation plays a 
major role in atherosclerosis (Willerson & Ridker, 2004) and has been linked to 
insulin resistance, diabetes and cardiovascular disease (Guarner & Rubio-Ruiz, 
2015). Low-grade inflammation can occur in response to environmental factors 
such as poor diet and excess body fat (Calder et al., 2011; Park, Park, & Yu, 2005; 
Samson, Mundkur, & Kakkar, 2012) and also increases with age (Guarner & 
Rubio-Ruiz, 2015). Chronic inflammation has been hypothesised as an underlying 
mechanism that links behaviour to cardiometabolic disease risk (Barbaresko, Koch, 
Schulze, & Nothlings, 2013). Inflammation of vulnerable atherosclerotic vessels 
can cause plaques to rupture and cause the formation of a clot (Calder et al., 2011). 
Development of chronic inflammation is associated with risk factors including age, 
hypertension, insulin resistance, impaired glucose tolerance, dyslipidaemia, and 
smoking (Bruunsgaard & Pedersen, 2003; Calder et al., 2011; Willerson & Ridker, 
2004). Measurement of inflammation biomarkers is an emerging method for 
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predicting cardiometabolic risk in population studies. The acute-phase protein, C-
reactive protein is a widely used inflammation biomarker (Munk & Larsen, 2009). 
It has been identified as one of the most consistent predictors of cardiovascular risk 
(Munk & Larsen, 2009) and is an independent predictor of CVD (Cushman, 
Arnold, Psaty et al., 2005; Munk & Larsen, 2009; Vasan, Sullivan, Roubenoff et 
al., 2003) and Type 2 diabetes (Freeman, Norrie, Caslake et al., 2002; Thorand, 
Baumert, Kolb et al., 2007; Thorand, Lowel, Schneider et al., 2003). Other 
inflammation markers shown to be associated with CVD and diabetes include 
interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-8 (IL-8) and tumour 
necrosis factor alpha (TNFα) (Apostolakis, Vogiatzi, Amanatidou, & Spandidos, 
2009b; Bruunsgaard & Pedersen, 2003; Minihane, Vinoy, Russell et al., 2015; 
Singh & Newman, 2011). 
Metabolic syndrome 
An established cluster of risk factors including obesity, glucose intolerance, 
hypertension and dyslipidaemia has previously been grouped and labelled the 
‘metabolic syndrome’ (Alberti et al., 2006). The metabolic syndrome has been 
extensively researched, demonstrating its ability to predict CVD and Type 2 
diabetes risk (Alberti et al., 2006). Studies have shown that the presence of the 
metabolic syndrome is associated with a two-fold increase risk for CVD (Cameron, 
Magliano, Zimmet, Welborn, & Shaw, 2007) and a five-fold increased risk for 
Type 2 diabetes (Ford, 2005). The diagnosis of the metabolic syndrome had not 
been precisely defined, and therefore various definitions have been used making 
interpretation of its research difficult (Eckel, Kahn, Robertson, & Rizza, 2006; 
Kahn, Buse, Ferrannini, & Stern, 2005; Sattar, Gaw, Scherbakova et al., 2003). 
The International Diabetes Federation defined a worldwide definition of the 
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metabolic syndrome in 2005 as having central obesity (≥ 94cm for men and ≥ 
80cm for women) plus any two of the following: high triglycerides (1.7 mmol/L or 
treatment for this lipid abnormality), low HDL-C (<1.03 mmol/L for men and 
<1.29 mmol/L for women or treatment for this lipid abnormality), high blood 
pressure (systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg or treatment for 
hypertension) and high fasting glucose (≥ 5.6 mmol/L or previous diagnosis with 
Type 2 diabetes) (International Diabetes Federation, 2005). 
2.3 Diet as a cardiometabolic risk factor 
It is well known that poor diet is a major health-related behaviour contributing to 
many chronic diseases including cardiometabolic disease (Mozaffarian, 2016; 
World Health Organization, 2009). Poor diet is linked to high blood pressure, high 
cholesterol, high blood glucose, excess weight and more recently chronic 
inflammation (Calder et al., 2011; World Health Organization, 2009). A number of 
individual foods and nutrients have been found to be associated with 
cardiometabolic risk and cardiovascular disease (Mozaffarian, 2016). Foods 
thought to provide benefit include fruits, vegetables, fish, wholegrain, legumes and 
nuts and those that increase risk include processed meat and refined grain (Fardet 
& Boirie, 2014; Mozaffarian, 2016; Stradling, Hamid, Fisher, Taheri, & Thomas, 
2013). With respect to nutrients, mono-unsaturated fatty acid provide protection 
against cardiometabolic risk while sugar, trans fatty acid and sodium intake can be 
harmful (Stradling et al., 2013). However, the full impact of diet extends beyond 
individual food and nutrients with many aspects of diet that contributing to an 
overall dietary pattern. Dietary patterns are becoming an important concept in 
nutritional epidemiology, a concept that will be discussed in detail below. 
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2.4 Dietary patterns 
Dietary patterns are defined as the frequencies, quantities, proportions, variety or 
combinations of usual food and beverage consumption, and provide a 
complementary approach to exploring individual nutrients and foods (Tucker, 
2010). The importance of foods and overall dietary patterns, rather than single 
nutrients, has emerged in the last few decades of nutrition research (Satija, Yu, 
Willett, & Hu, 2015). Historically, nutrition research focused on preventing 
deficiencies of calories and individual micronutrients (Davis & Saltos, 1999; 
Waijers, Feskens, & Ocke, 2007). Single food components such as fruit, 
vegetables, fats, and salt have been linked to CVD and diabetes (Erkkilä, de Mello, 
Risérus, & Laaksonen, 2008; Ness & Powles, 1997; Strazzullo, D'Elia, Kandala, & 
Cappuccio, 2009; Willett, 1998). However, focussing on single nutrients has lead 
to confusion and mixed results regarding their relationship with chronic disease, 
creating wide spread uncertainty and frustration in the population (Davis & Saltos, 
1999; Mozaffarian, 2016). For example, there are current debates on the 
association of cardiovascular disease with saturated fat intake (Katan, Brouwer, 
Clarke, Geleijnse, & Mensink, 2010; Scarborough, Rayner, van Dis, & Norum, 
2010; Siri-Tarino, Sun, Hu, & Krauss, 2010; Stamler, 2010) and omega-3 fatty 
acid supplementation (Marik & Varon, 2009; Rizos, Ntzani, Bika, Kostapanos, & 
Elisaf, 2012), demonstrating the limitations of establishing the influence of single 
nutrients on health. 
Further difficulties of interpreting results from studies that explore only single 
nutrients or food have been highlighted by an increase in our understanding of the 
interrelationship between food components and nutrients in vivo (Hamilton, 
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Gilmore, Benzie, Mulholland, & Strain, 2000; Hungerford & Linder, 1983; Lynch, 
1997). The complex interactions and synergy of food components may present 
significant extraneous factors within research such as the influences on 
bioavailability of nutrients (Jacobs & Steffen, 2003 ; Kant, 2004; Sandstrom, 
2001), which can interfere with the outcomes observed. Furthermore, the discovery 
and use of functional food, foods with proven health benefits beyond their basic 
nutritional function e.g. fortified milk or juice and margarine with plant sterols 
esters (Doyon & Labrecque, 2008), has further reoriented research to focus on an 
overall dietary pattern approach rather than individual nutrients (Kant, 2004; 
National Research Council Committee on Diet Health, 1989). Due to these 
inconsistencies and the difficulties of exploring individual nutrients and health 
(Stradling et al., 2013), studying dietary patterns may provide useful insights in 
population-based studies. 
Exploring dietary patterns offers a different perspective of dietary analysis as it 
considers a wide variety of food-related factors that may have complex interactions 
in vivo that are otherwise unmeasurable. People usually consume complex dishes 
that contain varying compositions of food components; people almost never eat 
individual food components alone (Hu, 2002; Kant, 2004; Slattery, 2010). Dietary 
pattern research has the potential to provide new insight into the diet and disease 
relationship and the role that diet has in disease prevention (Michels & Schulze, 
2005). Exploring dietary patterns has beneficial public health implications such as 
easy interpretation and translation into dietary guidelines or nutritional 
interventions relevant to the population (Michels & Schulze, 2005). 
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2.4.1 Assessing dietary patterns 
Methods of identifying dietary patterns rely on a collection of dietary intake data 
and characterising dietary patterns from this (Kant, 2004). There are several dietary 
pattern methodologies used. The first category is empirical-based dietary patterns. 
Empirical methods use statistical techniques, such as factor analysis and cluster 
analysis, to explore the dietary intake data (Kant, 2004; Kant, 2010; Newby & 
Tucker, 2004). The second category is theoretical-based dietary patterns. These are 
based on predefined patterns constructed from hypotheses and scientific evidence 
regarding nutritional health such as dietary guidelines and recommendations (Kant, 
2004; Kant, 2010). Thirdly, there are hybrid methods such as reduced rank 
regression and partial least squares regression that use a combination of theoretical 
knowledge and statistical approaches to determine dietary patterns (Ocke, 2013). 
Empirical methods 
Empirical methods use exploratory statistical techniques to derive dietary patterns 
(Newby & Tucker, 2004). Principal component analysis (PCA) is an empirical 
method that detects linear relationships between food variables and creates groups 
of correlated food items to account for the largest amount of variation in diet 
within individuals (Schulze & Hoffmann, 2006). Factor analysis is similar 
however, the factor scores produced in factor analysis are considered estimates of 
their relationship with the factor produced (Michels & Schulze, 2005). Generally 
PCA and factor analysis provide similar results (Schulze & Hoffmann, 2006). 
Individual food items are assigned a factor loading score indicating its correlation 
with the dietary pattern derived (Cunha, Almeida, & Pereira, 2010), with a higher 
loading indicating greater contribution to the dietary pattern. In order to explore 
diet and disease relationships, continuous factor scores are calculated for the 
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patterns extracted; this indicates a person’s degree of adherence to that particular 
dietary pattern (Newby & Tucker, 2004). 
Cluster analysis is another commonly used empirical method in dietary pattern 
analysis. Unlike factor analysis that considers the correlation between the input 
variables, cluster analysis groups individuals into mutually exclusive clusters 
according to differences in intakes of the input variables (Moeller, Reedy, Millen 
et al., 2007). Ideally, the within-cluster variability is small compared to the 
difference between clusters (Schulze & Hoffmann, 2006). The two most common 
clustering techniques include the K-means method and Ward’s method (Newby & 
Tucker, 2004). In short, the K-means method has been designed to maximise the 
difference between clusters while the Ward’s method is created to minimise 
variance within clusters (Newby & Tucker, 2004). The K-means requires a 
predefined number of clusters, while the Ward’s method is a hierarchical method 
and does not. Used together these methods can help researchers understand the 
number of cluster present in the data (Moeller et al., 2007). Less common, is the 
PAM algorithm technique, which is less sensitive to outliers (Newby & Tucker, 
2004). 
Empirical dietary pattern methods are useful as they characterise the total diet 
given the dietary intake information provided, allowing for in vivo interactions of 
food components (Moeller et al., 2007). However, they are difficult to reproduce in 
different populations and require subjective decisions in order to obtain the final 
patterns (Moeller et al., 2007). 
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Theoretical methods 
Theoretically derived dietary patterns are scores or indices that summarise a 
specific dietary pattern based on health recommendations or evidence-based 
knowledge about diet and health (Kant, 1996; Kant, 2004). In this method, dietary 
components are measured by the presence or absence of certain dietary 
characteristics determined by prior research and expert knowledge (Kant, 2004). 
Dietary patterns assessed using theoretical methods are generally a summed score 
of adherence to multiple dietary components (Waijers et al., 2007). Typical 
theoretical approaches include nutrient adequacy scores, diet variety scores and 
index-based summary scores (Moeller et al., 2007) such as the well-known US 
Healthy Eating Index (HEI) (Kennedy, Ohls, Carlson, & Fleming, 1995) and the 
Alternate Healthy Eating Index (AHEI) (McCullough, Feskanich, Stampfer et al., 
2002). Dietary indices are not only useful for assessing diet quality and quantifying 
dietary patterns, they can also be used to assess the relationship between dietary 
patterns and health outcomes (Kourlaba & Panagiotakos, 2009). They are intuitive, 
simple to interpret and can easily be reproduced however they don’t always take all 
foods consumed into account and are limited by current nutritional knowledge and 
its interpretation by the researcher (Moeller et al., 2007). 
Hybrid methods  
Hybrid methods are statistical approaches but combine elements of theoretical 
techniques to determine dietary patterns (Hoffmann, Zyriax, Boeing, & Windler, 
2004). For example, reduced rank regression requires intermediate factors with 
evidence to suggest that they are associated with the outcome of interest, such as 
biomarkers (Hoffmann, Zyriax, et al., 2004). Dietary patterns are then derived 
according to their ability to predict the intermediate factors (Cunha et al., 2010; 
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Hoffmann, Zyriax, et al., 2004; Tucker, 2010). Partial least square regression is 
another hybrid method, and is a mixture of PCA and reduced rank regression. It 
explains the variations in input variables as well as explaining the variation in 
intermediate factors (Hoffmann, Schulze, Schienkiewitz, Nöthlings, & Boeing, 
2004). Since the dietary patterns identified using the hybrid methods are forced to 
predict the intermediate markers, they are not aimed at describing the actual 
observed behavioural patterns. The advantage of these methods, is that they 
provide dietary patterns that take biological pathways into consideration, however, 
it requires the availability of intermediate variables (Michels & Schulze, 2005).  
2.4.2 Challenges of assessing dietary patterns 
Diet is complex and difficult to assess since food consists of many substances 
including nutrients and non-nutrient components (Margetts & Nelson, 1995). The 
components may interact with one another and can have multiple functions and 
differing bioavailability depending on the circumstances of food preparation and 
consumption (Margetts & Nelson, 1995). The complexity of diet makes robust 
study designs such as randomised controlled trials difficult. Exploring overall 
dietary patterns in nutritional epidemiology and population-based cohort studies is 
a vital component of exploring diet and health relationships in order to account for 
such complexities. However, dietary patterns are not without their challenges. 
Difficulties in assessing dietary patterns include, obtaining valid and reliable 
dietary intake data and dealing with the subjective nature of these methodologies 
(Devlin, McNulty, Nugent, & Gibney, 2012; Kourlaba & Panagiotakos, 2009; 
Waijers et al., 2007). Subjective decisions required for determining empirical 
dietary patterns include the format of input variables, how many input variables to 
include and how to collapse them, type of empirical method, number of patterns 
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identified and interpretation of the patterns to label them (Newby & Tucker, 2004). 
For indices decisions include what to include as a components, how components 
are assessed and how are they scored and the weighting of components, for 
example (Waijers et al., 2007). 
Research has explored dietary patterns using a range of different methods 
including, PCA, cluster analysis and dietary indices (Wirfalt, Drake, & Wallstrom, 
2013). However, challenges exist in interpreting results across studies due to the 
non-standardised procedures resulting in differences in the type of data available, 
sample characteristics and the various data collection tools used by researchers to 
determine dietary pattern (Devlin et al., 2012; Moeller et al., 2007; Reedy, 
Romaguera, Mitrou, Lassale, & Krebs-Smith, 2015). Few studies have compared 
methods (Bamia, Orfanos, Ferrari et al., 2005; Crozier, Robinson, Borland, Inskip, 
& S. W. S. Study Group, 2006; Emmett, Jones, & Northstone, 2015; Hearty & 
Gibney, 2009; Hearty & Gibney, 2011; Nettleton, Steffen, Schulze et al., 2007; 
Newby, Muller, & Tucker, 2004; Smith, Emmett, Newby, & Northstone, 2011) 
and even fewer have compared empirical methods with theoretical methods (Kant, 
Graubard, & Schatzkin, 2004; Penalvo, Oliva, Sotos-Prieto et al., 2015; Reedy, 
Wirfalt, Flood et al., 2010). Comparing the similarities and differences of these 
methods within the same data set has been suggested by experts in the field in 
order to increase understanding of the use of these methods and to assist in moving 
forward in this field (Kant, 2004; Newby et al., 2004). 
2.5 Dietary patterns of older adults 
Dietary patterns have been shown to vary across age group populations (Forshee & 
Storey, 2006; Thiele, Mensink, & Beitz, 2004). Diet quality increases with age 
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(Thiele et al., 2004) and given the other cardiometabolic risk factors they are of 
particular risk. Peri-retirement is a transitional life stage where adults may 
experience changes in lifestyle and are an understudied population in dietary 
pattern literature. For the purpose of this thesis, peri-retirement has been defined as 
55 years and over and will also be referred to as older adults. Lifestyle changes 
such as family dynamics including children leaving home, grand parenting, ageing 
parents requiring care, death of family or friends and change in employment or 
health are experiences that have the potential to impact health and dietary 
behaviours (Davies, 1990; Eng, Kawachi, Fitzmaurice, & Rimm, 2005; Lee, Cho, 
Grodstein et al., 2005). For example, marital termination may adversely affect diet 
(Eng et al., 2005) and transition into retirement has had mixed results on change in 
diet and health (Helldan, Lallukka, Rahkonen, & Lahelma, 2012; Nooyens, 
Visscher, Schuit et al., 2005) possibly related to the reasons for retirement. 
Therefore there is a window for lifestyle change and an opportunity exists for 
public health nutrition strategies to be implemented within this age group 
(Hartmann, Dohle, & Siegrist, 2014; Lara, Hobbs, Moynihan et al., 2014). 
Knowledge of dietary patterns specifically in peri-retirement is limited; with few 
studies having comprehensively explored dietary patterns in peri-retirement aged 
older adults or explored predictors of dietary patterns (Markussen, Veierod, 
Kristiansen, Ursin, & Andersen, 2016) as many studies on older adults have focus 
on a broad age range or specifically those in elderly age groups (Aekplakorn, 
Satheannoppakao, Putwatana et al., 2015; Anderson, Harris, Tylavsky et al., 2011; 
Ax, Warensjo Lemming, Becker et al., 2016; Bamia et al., 2005; Hsiao, Mitchell, 
Coffman et al., 2013; Shatenstein, Gauvin, Keller et al., 2013; Shatenstein, Gauvin, 
Keller et al., 2015). 
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Diet quality is shown to increase with age (Hiza, Casavale, Guenther, & Davis, 
2013; Thiele et al., 2004), however, there is often a decline in overall food and 
energy intake (Drewnowski & Evans, 2001; Wakimoto & Block, 2001). This is 
possibly due to the decrease in energy requirements. Decreased energy intake can 
lead to decreased micronutrient intake (Wakimoto & Block, 2001), although some 
research suggests that even with the decrease in energy intake, the decease in 
micronutrients is less pronounced and therefore the observed proportion of 
nutrients remains higher in older adults compared to younger populations 
(Drewnowski & Evans, 2001; Wakimoto & Block, 2001). Older women tend to 
follow more beneficial dietary patterns characterised by fruit, vegetables, 
wholegrain and fish consumption compared to men who are found to follow a 
traditional meat and vegetable or refined cereal patterns (Anderson et al., 2011; 
Hsiao et al., 2013; Robinson, Syddall, Jameson et al., 2009; Shatenstein et al., 
2013). Nevertheless, evidence suggests that older adults are not meeting dietary 
recommendations (Deierlein, Morland, Scanlin, Wong, & Spark, 2014; Hsiao et 
al., 2013) and given their other cardiometabolic risk factors they are of particular 
risk. In Australia, over 90% of older adults (over 55 years) have inadequate fruit 
and vegetable consumption (Australian Bureau of Statistics, 2013a). Of particular 
concern, dietary patterns in older adults consistently appear to be characterised by 
patterns that may be linked to poor health (Deierlein et al., 2014; Ervin, 2008; 
Ryan, Craig, & Finn, 1992). 
2.5.1 Longitudinal changes in dietary patterns of older adults 
Few longitudinal studies of dietary patterns exist (Batis, Sotres-Alvarez, Gordon-
Larsen et al., 2014; Dekker, Boer, Stricker et al., 2013; Fung, McCullough, van 
Dam, & Hu, 2007; Harrington, Dahly, Fitzgerald, Gilthorpe, & Perry, 2014; Lee, 
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Harnack, Jacobs et al., 2007; Prevost, Whichelow, & Cox, 1997; Shatenstein et al., 
2015). Only one study has explored Australian adults (Arabshahi, Lahmann, 
Williams, Marks, & van der Pols, 2011) and only three studies worldwide explore 
a population around peri-retirement age (Harrington et al., 2014; Mishra, 
McNaughton, Bramwell, & Wadsworth, 2006). Therefore little is known about 
change in dietary patterns in peri-retirement aged adults over time (Drewnowski & 
Evans, 2001). 
The studies in peri-retirement age populations support positive changes in dietary 
patterns over time. In the 1946 British Birth Cohort, dietary patterns were 
identified by factor analysis at age 43 in 1989 and age 53 years in 1999 (n=1,265) 
(Mishra et al., 2006).  This study found an increase in factor scores for the ‘fruit, 
vegetables and dairy’ and ‘ethnic foods and alcohol’ dietary patterns in women and 
‘ethnic foods and alcohol’ and ‘mixed’ dietary patterns in men while a decrease in 
a ‘meat, potatoes and sweet foods’ pattern was observed in women. An Irish study 
that explored the changes in dietary clusters among peri-retirement aged adults 
(n=923; 50 to 69 years) identified three dietary patterns; ‘western’, ‘healthy’ and 
‘low-energy’. Over 10-years the majority of adult’s dietary patterns remained 
stable. Of those that did change, they moved to the healthy pattern (Harrington et 
al., 2014). 
Within a broader adult population, studies that used empirical methods to 
determine dietary patterns in longitudinal designs have identified similar dietary 
patterns at different time points, with follow-up times ranging from 6 years to 10 
years (Dekker et al., 2013; Mishra et al., 2006; Prevost et al., 1997). This suggests 
that there is stability in the dietary patterns as a population ages. However, 
individual stability within dietary patterns was not necessarily observed, with 
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significant changes in factors scores for patterns determined by factor analysis 
(Mishra et al., 2006; Prevost et al., 1997) and changes in cluster assignment in 
those determined by cluster analysis (Dekker et al., 2013). Longitudinal studies 
that explored dietary pattern assessed by diet indices demonstrated an 
improvement in dietary behaviours with age (Arabshahi et al., 2011; Fung et al., 
2007; Lee et al., 2007). Observations saw increased consumption of fruit and 
vegetables (Mishra et al., 2006; Prevost et al., 1997) and decreases in fried foods 
and unhealthy fats (Hu, Stampfer, Manson et al., 2000; Lee et al., 2007; Prevost et 
al., 1997). However in Australian men (aged 25 to 75 years), fruit consumption 
decreased over 15 years (Arabshahi et al., 2011). Further understanding of changes 
that occur in dietary patterns of the peri-retirement age group as well as 
understanding what factors might predict changes in dietary patterns will inform 
future research and interventions. 
2.5.2 Predictors of changes in dietary patterns of older adults 
Predictors of change in dietary pattern are not well studied across the peri-
retirement life stage and, there are limited longitudinal studies in adults (Arabshahi 
et al., 2011; Dekker et al., 2013; Harrington et al., 2014; Lake, Mathers, Rugg-
Gunn, & Adamson, 2006; Lee et al., 2007; Mishra et al., 2006; Mishra, Prynne, 
Paul, Greenberg, & Bolton-Smith, 2004; Shatenstein et al., 2015). Only one 
previous study has investigated predictors of dietary pattern change in Australian 
adults (n=1,511; 25 to 75 years) (Arabshahi et al., 2011). This study demonstrated 
that higher occupation level in men and low to medium levels of physical activity 
in men and women were independently associated with improved diet quality over 
the 15-year follow-up. 
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Older age, being female and a higher socioeconomic position have consistently 
been shown to be predictors of healthier dietary patterns in international cross-
sectional studies (Kristal, Hedderson, Patterson, & Neuhouser, 2001; Martikainen, 
Brunner, & Marmot, 2003; McNaughton, Ball, Crawford, & Mishra, 2008; Mishra, 
Ball, Arbuckle, & Crawford, 2002; Pryer, Nichols, Elliott et al., 2001; Shatenstein 
et al., 2013) and predictors of improved diet in a limited number of longitudinal 
studies (Harrington et al., 2014; Kristal et al., 2001; Lake et al., 2006; Lee et al., 
2007; Mishra et al., 2004; Shatenstein et al., 2015). For example, in the 1946 
British Birth Cohort (n=1,265, age 43 years at baseline), factor analysis stratified 
by sex identified two dietary patterns in men ‘ethnic foods and alcohol’, ‘mixed’ 
and three in women ‘fruit, vegetable and dairy,’ ‘ethnic food’ and ‘alcohol, meat, 
potatoes and sweet foods’ (Mishra et al., 2006). A higher social class and 
education was associated with increased ‘ethnic foods and alcohol’ pattern and the 
‘mixed’ dietary pattern in men and, ‘fruit, vegetable and dairy’ pattern and ‘ethnic 
food and alcohol’ in women (Mishra et al., 2006). In the Washington State Cancer 
Risk Behavioural Survey (n=838; 18 years and over), it was found that being 
female, older and better educated was associated with a greater decrease in fat and 
greater increase in fruit and vegetable consumption in the two-year follow-up 
(Kristal et al., 2001). 
In the peri-retirement transition, life events such as retirement and marital changes 
are likely to occur and contribute to dietary change (Davies, 1990). Retirement 
may provide an opportunity for changes to diet (Lara et al., 2014; Nooyens et al., 
2005) and therefore may be an important target area for public health promotion. A 
study of Finnish adults aged 55-60 year from the Helsinki Health Study cohort 
(n=2,425) demonstrated an increase in healthy food habits in retired women 
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compared to those who continued to work during the five to seven year study 
period (Helldan et al., 2012). However, healthy food habits were not associated 
with retirement in men (Helldan et al., 2012). 
Two US studies demonstrate that marital termination may adversely affect dietary 
behaviours among men aged 40-75 years (n=38,865) (Eng et al., 2005) and had 
mixed implications in women aged 46-71 years (n=68,705) (Lee, Cho, et al., 
2005). Becoming widowed or divorced adversely affected men’s dietary 
behaviours with changes such as a decrease in vegetable consumption and an 
increase in fried foods away from home compared to those who remained married 
(Eng et al., 2005). Lee et al. (2005) found both positive and negative behaviour 
changes in women who become divorced or widowed compared to those who 
remained married including decreased red and processed meat consumption, 
decreased vegetable consumption, and increased wholegrain consumption (Lee, 
Cho, et al., 2005). Both men and women who remarried increased vegetable 
consumption compared to those who remained unmarried during study periods 
(Eng et al., 2005; Lee, Cho, et al., 2005). However, these predictors have not been 
examined with respect to dietary patterns. 
The literature also suggests that there may be a window of opportunity to influence 
dietary patterns early in the disease trajectories (Kuznetsov, Simmons, Sutton et 
al., 2013), with dietary advice given in newly diagnosed cardiometabolic disease 
cases providing benefit (American Diabetes Association, 2012b; National Vascular 
Disease Prevention Alliance, 2012). Previous studies have identified more 
favourable dietary patterns in those diagnosed with high blood pressure or 
cholesterol (Fung, Schulze, Manson, Willett, & Hu, 2004; Fung, Stampfer, Manson 
et al., 2004; Heidemann, Schulze, Franco et al., 2008; Hu, Rimm, Stampfer et al., 
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2000; McCullough, Feskanich, Stampfer et al., 2000; Montonen, Knekt, Harkanen 
et al., 2005; Shimazu, Kuriyama, Hozawa et al., 2007; van Dam, Rimm, Willett, 
Stampfer, & Hu, 2002; von Ruesten, Illner, Buijsse, Heidemann, & Boeing, 2010). 
Evidence suggests that improvement in diet may have substantial cardiometabolic 
risk reduction effects (Fung et al., 2007; Hu, Stampfer, et al., 2000). Furthermore, 
it is possible that intentions to lose weight could predict dietary change. In a 
prospective cohort study of well-functioning elderly aged 70 to 79 years at baseline 
(n=2,708), participants who reported that they had intentions to lose weight also 
reported higher diet quality and favourable fruit, total fat and saturated fat 
consumption (Lee, Kritchevsky, Tylavsky et al., 2004). Though benefits of weight 
loss for cardiometabolic disease may be mediated by age, duration and severity of 
obesity (Wannamethee et al., 2005). There is little available evidence of the ability 
of reported weight-loss intentions to predict change in dietary patterns. 
Health-related behaviours such as smoking and physical activity have been linked 
to dietary patterns in older adults (Huy, Schneider, & Thiel, 2010; Thiele et al., 
2004). The research suggests that those who smoke and have lower physical 
activity are likely to demonstrate poorer dietary patterns (Anderson et al., 2011; 
Corley, Kyle, Starr, McNeill, & Deary, 2015; Hu, Rimm, et al., 2000; Huy et al., 
2010; Kant, Schatzkin, Graubard, & Schairer, 2000; McNaughton et al., 2008; 
Nettleton, Polak, Tracy, Burke, & Jacobs, 2009; Thiele et al., 2004; von Ruesten et 
al., 2010). It is important to consider that these health-related behaviours appear to 
group together, which may be an indicator of a particular lifestyle pattern 
(Anderson et al., 2011). There is little research available that has explored smoking 
and physical activity as predictors of change in dietary patterns. There is a gap in 
the literature particularly among the peri-retirement transitional life stage; with 
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little evidence available on predictors of dietary change using repeated dietary 
pattern measures. 
2.6 Dietary patterns and cardiometabolic risk in older adults 
Many studies have explored diet and cardiovascular or Type 2 diabetes risk within 
adults (Alhazmi, Stojanovski, McEvoy, & Garg, 2014; Esposito, Kastorini, 
Panagiotakos, & Giugliano, 2010; Maghsoudi, Ghiasvand, & Salehi-Abargouei, 
2016; McEvoy, Cardwell, Woodside et al., 2014; Rodriguez-Monforte, Flores-
Mateo, & Sanchez, 2015; Schwingshackl & Hoffmann, 2015), however few 
studies have focused specifically on peri-retirement aged adults (Belin, Greenland, 
Allison et al., 2011; Martinez-Ortiz, Fung, Baylin, Hu, & Campos, 2006). Among 
the broader population of adults there is good evidence to support that dietary 
patterns are associated with CVD and Type 2 diabetes. A meta-analysis of 21 
studies that explored empirically derived dietary patterns and CVD demonstrated 
that those whose dietary pattern resembled a ‘healthy’ dietary patterns 
characterised by fruit, vegetable, wholegrains, fish and poultry (commonly labelled 
‘prudent’) consumption had a reduced risk of CVD (relative risk (RR)=0.69: 95% 
confidence interval (CI) 0.60, 0.78) compared too the lowest category (Rodriguez-
Monforte et al., 2015). In the same review, the meta-analysis results of 19 studies 
showed a non-significant trend for those who had an ‘unhealthy’ dietary pattern 
characterised by meat, processed meat, refined grains, sweets, sugar drinks and 
fried foods (commonly labelled ‘western’) to have an increased risk of CVD 
(RR=1.14: 95% CI 0.92, 1.42) compared too those whose dietary pattern least 
resembled this pattern (Rodriguez-Monforte et al., 2015). The non-significant 
results could be due to the non-standardised empirical dietary pattern methods used 
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as well as the differences in the dietary patterns obtained across studies. A further 
review of diet quality and health outcomes from 15 cohort studies (n=1,020,642; 
free from disease) demonstrated that higher diet quality (assessed by the HEI, the 
AHEI and the Dietary Approaches to Stop Hypertension Score) was associated 
with a significantly reduced risk of CVD incidence or mortality (RR=0.78: 95% CI 
0.75, 0.81) and Type 2 diabetes (RR=0.78: 95% CI 0.72, 0.85) (Schwingshackl & 
Hoffmann, 2015). Similar results of a large multiethnic cohort (n = 215,782) 
demonstrated the AHEI was associated with reduced CVD-related mortality 
(Hazard ratio (HR)=0.75: 95% CI 0.69, 0.83) with up to 18 years follow-up 
(Harmon, Boushey, Shvetsov et al., 2015). 
Several meta-analyses have explored dietary patterns and Type 2 diabetes 
(Alhazmi, Stojanovski, McEvoy, & Garg, 2014; Esposito et al., 2010; Maghsoudi 
et al., 2016; McEvoy et al., 2014), each finding similar outcomes. The most recent 
meta-analysis included 10 prospective cohort studies and explored dietary patterns 
determined by PCA and factor analysis, and incidence of Type 2 diabetes 
(Maghsoudi et al., 2016). It included a total of 404,528 diabetes free participants 
(aged 27 to 84 years) and saw 18,584 cases diagnosed during the follow-up 
periods. Two key dietary patterns were identified across studies, the ‘healthy’ 
dietary patterns that were characterised by vegetables, fruit, wholegrains and seeds 
and the ‘unhealthy’ dietary patterns characterised by red meat, processed foods, 
high-fat dairy and refined grains. The analysis revealed that those adhering to the 
healthy dietary patterns had a decreased risk for Type 2 diabetes (RR=0.86; 95% 
CI 0.82, 0.90), while adherence to the unhealthy dietary patterns increased risk 
(RR=1.30; 95% CI 1.18, 1.43). A similar meta-analysis demonstrated comparable 
results in 9 prospective studies (McEvoy et al., 2014) of which 7 were the same 
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studies as in Maghsoudi et al. (2016). Further investigations by Maghsoudi et al. 
(2016) revealed that some of the unhealthy dietary patterns included foods high in 
phytochemicals (beans, tomatoes, coffee, black tea and oolong tea), and on 
separate analyses, adherence to the ‘unhealthy’ patterns high in phytochemical-rich 
foods did not increase diabetes risk (RR=1.06: 95% CI 1.28, 1.52), while the 
‘unhealthy’ patterns without phytochemical-rich foods increased diabetes risk 
(RR=1.39: 95% CI 1.28, 1.52) (Maghsoudi et al., 2016). This highlights the 
importance of considering all foods loading high on the factors identified and 
avoiding generalised labels. Esposito et al (2010) combined studies that used 
empirical and theoretical dietary pattern techniques in their meta-analysis and 
obtained a similar outcome (Esposito et al., 2010). However, food components 
included in each of the different dietary patterns may differ across studies, 
introducing limitations to the overall interpretation and should be interpreted 
cautiously. 
Two studies have explored a narrower age group of 50 years and over, including 
the peri-retirement period (Martinez-Ortiz et al., 2006) (Belin et al., 2011). A Costa 
Rican case-control study of heart attack patients (n=496; aged 57±11 years) and 
age-matched controls (n=518; aged 57±11 years) found that their ‘staple’ dietary 
pattern characterised by use of palm oil for cooking, and intake of refined grains, 
legumes, coffee, added sugar, and red meat was associated with increased odds of 
a heart attack (odds ratio (OR)=3.70: 95% CI 2.30, 5.97) (Martinez-Ortiz et al., 
2006). In 93,676 US women aged 50 to 79 years, diet quality and CVD disease 
was explored in a prospective cohort study (Belin et al., 2011). Greater diet quality 
assessed via the AHEI and the Dietary Modification Index was associated with 
reduced CVD risk, within a 10-year follow-up, with a hazard ratio (HR) of 0.88 
Chapter 2: Literature Review 
33 
(95% CI, 0.80, 0.95) and 0.77 (95% CI, 0.70, 0.84) for CVD incidence, 
respectively. 
In middle-aged adults, ranging from 45 to 75 years, studies have shown similar 
findings in that a ‘healthy’ or higher quality diet was associated with reduced 
cardiometabolic risk (either CVD or Type 2 diabetes) (Erber, Hopping, Grandinetti 
et al., 2010; Lockheart, Steffen, Rebnord et al., 2007; Nettleton et al., 2009; 
Nettleton, Steffen, Ni, Liu, & Jacobs, 2008; Odegaard, Koh, Butler et al., 2011). 
However the characteristics of the dietary patterns vary by country, for example 
the ‘healthy’ pattern within a the Singapore Chinese Health Study was 
characterised by vegetable, fruit, and soy-rich pattern, which was associated with 
reduced Type 2 diabetes risk (HR=0.77: 95% CI 0.65, 0.92) in non-smokers but 
not in smokers (Odegaard et al., 2011). The differences in dietary patterns across 
studies are also a reflection of the culture-specific FFQ used in the studies and can 
be difficult to compare across studies. While it is important to identify dietary 
patterns between different population groups and assess how these are associated 
with risk of cardiometabolic disease, varying sample characteristics limit the 
ability to generalise the results to other populations, including Australians. Care 
should be taken when comparing results between studies. 
2.6.1 Dietary patterns and biomarkers of cardiometabolic risk 
It is well known that diet plays an important role in influencing biomarkers of 
cardiometabolic biomarkers disease. This section will discuss the current literature 
on dietary patterns and biomarkers of cardiometabolic risk in older adults. A 
summary table of the studies reporting associations between dietary patterns 
determined by PCA, cluster analysis and diet quality indices, and, biomarkers of 
cardiometabolic risk in older adults is included in Appendix A. 
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A total of 28 papers that explore the relationship between PCA, cluster analysis or 
a dietary index with biomarkers of cardiometabolic risk in older adults were 
identified. Since few studies specifically explored peri-retirement (55-65 years 
old), the search was expanded to included 30+ years. Studies that included all 
adults (18 years and over) or only older people over 70 years were not included, in 
order to capture the transitional period. For the purpose of this review, four key 
categories of cardiometabolic biomarkers were explored; body mass index (BMI), 
glucose metabolism, lipid profile and inflammation. Most studies utilised a cross-
sectional design, only one was longitudinal (Mertens, Deforche, Mullie et al., 
2015) and another explored past dietary patterns (Wood, Strachan, Thies et al., 
2014). PCA was the most common tool used to assess dietary patterns, with 17 
studies (Buscemi, Nicolucci, Mattina et al., 2013; Centritto, Iacoviello, di 
Giuseppe et al., 2009; Esmaillzadeh, Kimiagar, Mehrabi et al., 2007; Fung, Rimm, 
Spiegelman et al., 2001; Ganguli, Das, Saha et al., 2011; Lee, Kang, & Lee, 2014; 
Lopez-Garcia, Schulze, Fung et al., 2004; Martinez-Ortiz et al., 2006; Nanri, 
Yoshida, Yamaji et al., 2008; Nettleton et al., 2009; Nettleton, Steffen, Mayer-
Davis et al., 2006; Osonoi, Mita, Osonoi et al., 2016; Panagiotakos, Bountziouka, 
Zeimbekis, Vlachou, & Polychronopoulos, 2007; Penalvo et al., 2015; Sun, Buys, 
& Shen, 2013; Sun, Buys, & Hills, 2014; Wood et al., 2014). Four studies used 
cluster analysis (Hlebowicz, Persson, Gullberg et al., 2011; Lopez, Rice, Weddle, 
& Rahill, 2008; Villegas, Salim, Collins, Flynn, & Perry, 2004; Villegas, Salim, 
Flynn, & Perry, 2004) and four studies explored diet quality indices (Drewnowski, 
Fiddler, Dauchet, Galan, & Hercberg, 2009; Mertens et al., 2015; Nettleton, 
Schulze, Jiang et al., 2008; Park, Zaichenko, Peter et al., 2014). One study used 
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both PCA and cluster analysis (Newby et al., 2004) and two used both PCA and a 
diet quality index (Iqbal, Anand, Ounpuu et al., 2008; Ko, Park, Shin et al., 2016). 
Dietary patterns and body mass index 
Of the cross-sectional studies that explored BMI as an outcome, six used PCA, one 
used cluster analysis and four used indices to explore dietary patterns. Only one 
longitudinal study was identified. Few of the dietary patterns identified by PCA or 
factor analysis were associated with BMI and all of those that were, were within 
ethnic populations. The ‘hydrogenated and saturated fat and vegetable oil’ pattern 
identified in Indian females was associated with higher BMI (Ganguli et al., 2011), 
a ‘noodles and soups’ pattern was associated with higher BMI in a Japanese 
population (Osonoi et al., 2016), the ‘milk products, other animal meats and animal 
organs’ pattern was associated with higher BMI in Chinese (Sun et al., 2013) and 
the ‘western’ dietary pattern identified in a Chinese population was associated with 
higher BMI while a ‘healthy’ dietary pattern was associated with lower BMI (Sun 
et al., 2014). These dietary patterns are difficult to translate into patterns found in 
western cultures because they are from Asian populations. In a study of US males, 
BMI did not significantly differ across quintiles of the identified ‘prudent’ or 
‘western’ dietary patterns (Fung et al., 2001), however BMI appeared to be a 
mediator between the dietary patterns and other biomarkers such as lipids and 
inflammation (Fung et al., 2001). This was also found in other studies explored in 
this review (Fung, McCullough, Newby et al., 2005; Lopez-Garcia et al., 2004; 
Mertens et al., 2015) and therefore it is important to consider BMI in this way. 
Of the studies that explored dietary indices most found that better diet quality was 
associated with lower BMI (Drewnowski et al., 2009; Fung et al., 2005; Mertens et 
al., 2015; Nettleton, Schulze, et al., 2008; Park et al., 2014). However in some 
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cases, BMI was not significantly associated with indices, including the 
Mediterranean Diet Score (Mertens et al., 2015), Recommended Food Score (Fung 
et al., 2005) and the Alternate Mediterranean Diet Index (Fung et al., 2005). It is 
possible that the recommended food score is limited by the lack of inclusion of 
detrimental food groups. Also, the small scoring range in the Alternate 
Mediterranean Diet Index and the Mediterranean Diet Score may not discriminate 
adequately between individuals resulting in inadequate variation to detect 
associations with BMI. Only two studies stratified the analyses by sex and 
demonstrated that the HEI was associated with a lower BMI in men but not for 
women (Drewnowski et al., 2009; Mertens et al., 2015). This highlights that the 
dietary patterns and cardiometabolic risk profiles of men and women may not be 
comparable. The study by Mertens et al. (2015) is the only longitudinal study 
identified. It used linear regression analysis to investigate the relationship between 
change in dietary indices and change in BMI and blood lipids (Mertens et al., 
2015). It found that an increase in dietary index scores was associated with an 
improved BMI in men over 10 years. 
Dietary patterns and glucose metabolism and insulin resistance 
Of the studies that looked at one or more biomarkers of glucose metabolism and 
insulin resistance, ten used PCA, three used cluster analysis and two used a dietary 
index. Outcome measures included fasting glucose, fasting insulin, HbA1c, and 
HOMA-IR. In one study, diabetes was determined according to a cut-point of the 
fasting glucose measure and medication use. 
The ‘healthy’ dietary patterns (characterised by fruit, vegetables, nuts, legumes, 
and wholegrains) were commonly associated with more favourable levels of 
biomarkers for glucose metabolism and insulin resistance, compared to the 
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‘unhealthy’ dietary patterns identified. Less healthy dietary patterns such as those 
characterised by the consumption of meat, processed meat, refined grains, and 
sugar often did not show a significant association with biomarkers of glucose 
metabolism (Centritto et al., 2009; Ganguli et al., 2011; Iqbal et al., 2008). The 
healthier dietary patterns were associated with better glucose metabolism (low 
insulin, glucose, HbA1c and HOMA-IR) (Centritto et al., 2009; Iqbal et al., 2008; 
Nettleton, Schulze, et al., 2008; Nettleton et al., 2006; Villegas, Salim, Collins, et 
al., 2004; Villegas, Salim, Flynn, et al., 2004). For example, the Comprehensive 
Healthy Dietary Pattern Index used in the Multi-Ethnic Study of Atherosclerosis 
sample of men and women aged 45-84 years old (n=5,089) found that those in the 
highest quintile of the score, indicating consumption of more food groups 
associated with positive health effects (e.g. fruit, vegetables, fish, poultry, 
wholegrains, nuts and seeds) were associated with 4.7ρmol/L lower fasting insulin 
compared to those within the lowest quintile (46.6±0.8 ρmol/L vs. 39.9±0.9 
ρmol/L; P<0.001) (Nettleton, Schulze, et al., 2008). 
Some studies did not find any association between dietary patterns and markers of 
glucose metabolism (Fung et al., 2001; Ganguli et al., 2011; Osonoi et al., 2016; 
Penalvo et al., 2015; Sun et al., 2013). Most of these studies were of Asian 
populations whose dietary patterns may differ in comparison to studies in western 
cultures and, it is difficult to compare results across studies of different cultural 
backgrounds. Penalvo et al. (2015) explored the dietary patterns in Spanish adults 
(40-55 years) in relation to lipids, but also explored insulin resistance as a 
participant characteristic in the univariate analysis. This analysis was limited by 
not adjusting for confounders (Penalvo et al., 2015). 
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No studies explored the dietary patterns longitudinally nor change in dietary 
patterns and the association with glucose metabolism or insulin resistance in peri-
retirement. As dietary patterns may change over time during this transitional life 
stage, this is a significant gap in this research area that should be addressed. 
Dietary patterns and lipid profile 
Of the studies that explored lipid biomarkers, 13 used PCA, three used cluster 
analysis and four used a dietary quality index. The most common measures of 
lipids used included total cholesterol, TAG, HDL-C and LDL-C. Less common 
was lipoprotein(a) which was measured in two studies, however, diet generally has 
little effect on lipoprotein(a) (Stein & Raal, 2016). One study calculated LDL/HDL 
ratio and three calculated total cholesterol/HDL ratio. 
Most studies that explored lipid biomarkers found that dietary patterns 
characterised by healthier foods including fruit, vegetables, nuts, legumes, 
wholegrains and low fat dairy were associated with a reduced atherogenic lipid 
profile (Centritto et al., 2009; Hlebowicz et al., 2011; Martinez-Ortiz et al., 2006; 
Nettleton et al., 2009; Nettleton et al., 2006; Newby et al., 2004; Penalvo et al., 
2015; Sun et al., 2014). Conversely, dietary patterns characterised by high 
consumption of meat, processed meat, refined grains, and sugar were associated 
with a poorer lipid profile (e.g. lower concentrations of HDL-C and higher total 
cholesterol, LDL-C and TAG) (Centritto et al., 2009; Fung et al., 2001; Martinez-
Ortiz et al., 2006; Nettleton et al., 2006). 
Some studies found that increased HDL-C concentrations was associated with a 
dietary pattern considered less healthy, such as the ‘hydrogenated and saturated fat 
and vegetable oil’ cluster identified in Indian females (Ganguli et al., 2011), the 
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‘sweets’ and ‘meat dish’ clusters identified in US women over 50 years (Lopez et 
al., 2008) and the ‘fruit, dairy products and sweets’ factor in Japanese 25 to 70 year 
olds (Osonoi et al., 2016). The dietary patterns in two of these studies were 
characterised by relatively high total fat and cholesterol intake and low 
carbohydrate intake (Ganguli et al., 2011; Lopez et al., 2008) and the other dietary 
patterns was associated with high energy intake and taking medication for 
hyperlipidaemia which may have influenced HDL-C levels. As previously 
mentioned, studies in non-western cultures are difficult to compare with western 
cultures and may need to be explored seperately (Osonoi et al., 2016; Sun et al., 
2013). In those studies that explore cholesterol ratios, there were no differences 
found in the total cholesterol:HDL ratio by dietary patterns (Ganguli et al., 2011; 
Newby et al., 2004). 
Three out of four studies that used dietary indices to measure dietary patterns, 
found no association with lipid biomarkers (Drewnowski et al., 2009; Mertens et 
al., 2015; Nettleton, Schulze, et al., 2008). The HEI used by Drewnowski et al 
(2009) had key limitations for use in cardiometabolic disease research and has 
previously been a poor predictor of lipid biomarkers and cardiovascular disease 
(Hann, Rock, King, & Drewnowski, 2001; McCullough et al., 2000; Osler, 
Andreasen, Heitmann et al., 2002; Osler, Heitmann, Gerdes, Jorgensen, & Schroll, 
2001). This index does not differentiate between the consumption of red or white 
meat and wholegrains or refined grains in the score, which are important 
distinctions to make in cardiometabolic risk prevention (Appel, Giles, Black et al., 
2010; McCullough et al., 2002). The Comprehensive Diet Score by Nettleton et al. 
(2008) was associated with increased HDL-C and decreased TAG until it was 
adjusted for waist circumference, which attenuated the results, suggesting that 
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central obesity has a mediation role between diet and lipid concentrations. On the 
other hand, the Dietary Risk Score in the study by Iqbal et al. (2008) was 
specifically designed to identify risk of cardiovascular disease, and therefore it is 
not surprising that this index was associated with lipids (Iqbal et al., 2008). 
Only one study was longitudinal and explored change in dietary indices in relation 
to change in cardiometabolic risk biomarkers over ten years (Mertens et al., 2015). 
This study use three different indices that assess diet quality (HEI-2010, 
Mediterranean Diet Score and Diet Quality Index) and found no association 
between change in the index scores and change in lipid biomarkers. It is possible 
that there was insufficient variation in change scores to detect a relationship. There 
are also genetic influences on the way individuals’ lipid concentrations respond to 
dietary patterns which may have played a role (Ordovas & Corella, 2005). There is 
a need for more longitudinal studies on dietary patterns and lipid biomarkers to 
understand how dietary change influences these imporant markers of 
cardiometabolic risk. 
Dietary patterns and inflammation 
Of the studies that looked at biomarkers of inflammation 10 studies used PCA, 
three studies used cluster analysis and four studies used a dietary index. All studies 
were cross-sectional and none of them were longitudinal. C-reactive protein (CRP) 
and high-sensitivity CRP were the most commonly measured markers of 
inflammation (14 studies), followed by interleukin-6 (IL-6) (7 studies). Other 
inflammation markers included, homocysteine, fibrinogen, tumor necrosis factor 
alpha (TNFα), serum amyloid A, irisin, leptin and soluble intercellular adhesion 
molecule-1.  
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The results of these studies demonstrate that healthier dietary patterns 
characterised by fruit, vegetables, nuts, legumes, and wholegrains are associated 
with lower inflammation markers (Centritto et al., 2009; Esmaillzadeh et al., 2007; 
Fung et al., 2001; Lopez-Garcia et al., 2004; Nanri et al., 2008; Nettleton et al., 
2006; Sun et al., 2014; Wood et al., 2014). While a dietary pattern characterised by 
meat, processed meat and refined grains was associated with elevated 
inflammation markers (Centritto et al., 2009; Esmaillzadeh et al., 2007; Fung et al., 
2001; Lopez-Garcia et al., 2004; Nettleton et al., 2006; Sun et al., 2014; Wood et 
al., 2014). In a Japanese population, the PCA-determined ‘healthy’ pattern was 
associated with decreased CRP but the other patterns were not (Nanri et al., 2008). 
The lack of association with the less healthy dietary patterns may have been 
contributed to by the relatively low consumption of meat and fat overall in this 
Japanese population while vegetable consumption was high. 
Of the studies that explored dietary indices, inflammation markers were inversely 
associated with diet quality (Nettleton, Schulze, et al., 2008; Park et al., 2014). 
Fung et al. (2005) explored five dietary indices in relation to inflammation; only 
two were associated with inflammation (AHEI and Alternate Mediterranean Diet 
Index) (Fung et al., 2005). This may be explained by the lack of specificity of fat 
type and carbohydrate quality in the indices that weren’t associated with 
inflammation (Fung et al., 2005).  Reduced inflammation was associated with the 
Dietary Approaches to Stop Hypertension diet and the AHEI-2010 score as 
expected until adjusted for mutual biomarkers (Ko et al., 2016), which attenuated 
the results for all except irisin, which remained significant. 
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Summary 
Diet is considered to be one of the major lifestyle factors influencing 
cardiometabolic risk. Exploring dietary patterns among peri-retirement aged adults 
will help inform future public health initiatives in this group. Several population 
studies have shown that older adults are failing to meet dietary recommendations 
and it is important to investigate how diet and cardiometabolic risk are associated 
to help inform future health initiatives that target this problem. There is a distinct 
lack of studies that have explored dietary patterns of peri-retirement aged adults 
and the association with cardiometabolic biomarkers. Of those identified, several 
were conducted in ethnic cultures, which prove difficult to generalise to other 
population groups. The majority of the identified studies were limited by their 
cross-sectional design, with only one using a longitudinal design. Longitudinal 
studies provide stronger evidence of causal relationships. Since diet is a long-term 
exposure and may change over time, it may also be important to consider 
longitudinal changes in dietary patterns in diet and disease research. A firmer 
understanding of dietary patterns within peri-retirement and how they relate to 
cardiometabolic risk would also provide valuable information for researchers and 
the development of public health interventions. 
2.7 Conclusion 
With the ageing of our population, there is an increased need to focus on the 
prevention of chronic diseases to improve quality of life and reduce the financial 
pressures of healthcare. CVD and Type 2 diabetes are two major chronic disease 
concerns in Australia and worldwide. Collectively known as cardiometabolic 
disease, these are preventable through modification of behavioural risk factors such 
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as diet. Research leading to successfully implementing public health interventions 
that improve diet is required. The difficulties of understanding the relationship 
between individual nutrients or food and disease have been highlighted in the 
literature and, dietary pattern analysis has been suggested to be a useful and 
complementary approach to exploring diet and disease relationships. Since there 
are no gold standard procedures for assessing dietary patterns, work toward 
understanding the different approaches is required. It is important to evaluate and 
compare the methods in order to broaden our understanding of dietary patterns and 
their methodology. Furthermore, there is limited understanding of the dietary 
patterns of older adults in the peri-retirement transitional life stage, a time in which 
behaviours are likely to change, and the longitudinal associations with 
cardiometabolic risk. 
  
Chapter 2: Literature Review 
44 
2.8 Thesis aims 
The overall objective of this thesis is to describe the dietary patterns of older adults 
(≥ 55 years) and to assess the relationship between dietary patterns and 
cardiometabolic risk using different dietary pattern assessment techniques. 
The specific aims are: 
1) To describe the dietary patterns of older adults using two empirical-
based methods, principal component analysis and cluster analysis. 
2) To revise the theoretical-based Australian diet quality index to assess 
adherence to the 2013 Australian Dietary Guidelines and to describe the 
dietary patterns of older adults using the revised Diet Guideline Index. 
3) To explore the dietary patterns in relation to key participant 
characteristics including sociodemographic, anthropometry and other 
health-related behaviours and characteristics. 
4) To compare the dietary patterns derived by principal component 
analysis, cluster analysis and a diet quality index. 
5) To identify the changes in dietary patterns determined by principal 
component analysis, cluster analysis and the 2013 Revised Dietary 
Guideline Index (DGI-2013) among older adults over a four-year period 
and to examine potential predictors of dietary change. 
6) To investigate the association of longitudinal change in dietary patterns 
with cardiometabolic risk among adults 55 year and over.
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Chapter 3: The Wellbeing Eating and Exercise 
for a Long Life (WELL) study 
3.1 Introduction 
The previous chapter detailed the importance of diet in cardiometabolic disease 
and summarised the current knowledge regarding the relationship between diet and 
cardiometabolic risk among older adults. This chapter will describe the 
methodology of the Wellbeing, Eating, and Exercise for Long Life (WELL) study, 
a longitudinal study that was conducted between 2010 and 2014. The aim of the 
WELL study was to examine nutrition and physical activity behaviours, obesity 
and quality of life among older adults aged 55-65 years and to track changes in 
these behaviours and outcomes over 2 and 4 year periods (McNaughton, Crawford, 
Ball, & Salmon, 2012). This chapter will also describe the methodology of the 
Heart Health study, which involved a sub-sample of the WELL study participants. 
The Heart Health study was conducted in 2012 to collect biomarkers of 
cardiometabolic disease in order to examine the influence lifestyle factors have on 
cardiometabolic disease risk.  
3.2 Chapter aim 
The aim of this chapter is to describe the methods of the WELL and the Heart 
Health studies. For both of these the rationale, aim, method and procedures, 
including recruitment and data management will be described, focusing on those 
aspects relevant to this thesis and the measures used specifically in this thesis. 
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3.3 Methodology of the WELL study 
The WELL study was a prospective cohort study (McNaughton et al., 2012), which 
utilised three self-administered postal questionnaires in two-year intervals to 
collect data across four years, from 2010 to 2014. Time 1 data were collected in 
February 2010, Time 2 was collected in February 2012 and Time 3 was collected 
in February 2014. At each time point, the questionnaires gathered information on 
participant characteristics, major health behaviours including dietary behaviour and 
potential determinants of nutrition and physical activity behaviours. The Heart 
Health study conducted in October 2012, involved the collection and analysis of 
blood samples for cardiometabolic biomarkers.  The sub-study also utilised a short 
self-administered postal questionnaire to collect data on potential covariates of 
cardiometabolic risk.  
Figure 3.1 provides a timeline for the WELL study. The Deakin University Human 
Research Ethics Committee approved the WELL study protocol (ethics reference 
number 2009-105). 
Figure 3.1: Timeline of data collection in the Wellbeing Eating and Exercise for a 
Long Life (WELL) study
Time 2 Feb 2012 
• Dietary intake 
• Sociodemographic 
characteristics 
• Anthropometry  
• Health-related behaviours 
and characteristics 
Time 1 Feb 2010 
• Dietary intake 
• Sociodemographic 
characteristics 
• Anthropometry  
• Health-related behaviours 
and characteristics 
Heart Health sub-study Oct 2012 
• Cardiometabolic biomarkers 
• Additional participant 
characteristics  
• Anthropometry 
Time 3 Feb 2014 
• Dietary intake 
• Sociodemographic 
characteristics 
• Anthropometry  
• Health-related behaviours 
and characteristics 
2010 2012 2014 
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3.3.1 Participants and procedures 
In October 2009 a random sample of 11,256 Australian adults aged 55-65 years 
was selected from the Australian Electoral Commission’s electoral roll and invited 
to participate in the WELL study (McNaughton et al., 2012). Since voting is 
compulsory in Australia for people aged 18 years and over, the majority of those 
eligible to vote (90%) are included on the electoral roll (Australian Electoral 
Commission, 2010). The participant’s age at the census date (31st October 2009) 
was used to determine inclusion in the WELL study. A stratified random sampling 
process was used to select an equal sample of rural and urban Victorian postcodes. 
Suburbs were selected and defined as rural consistent with the Australian Regional 
Infrastructure Development Fund Act 1999 (State Government of Victoria, 1999). 
Fringe suburbs (suburbs that border rural and urban areas), and suburbs with a total 
population of less than 1,000 or less than 200 55-65 year olds were excluded. 
Postcodes were classified into tertiles of Socioeconomic Position (SEP) according 
to the Index of Relative Socio-economic Disadvantage, a Socioeconomic Index for 
Areas (SEIFA) score assigned by the Australian Bureau of Statistics (Australian 
Bureau of Statistics, 2008). The sample size estimation was based on a 
conservative estimate of the ability to predict meaningful difference in number of 
serves of vegetables or fruit between individuals of high and low socioeconomic 
position determined by results of a previous cohort study of Australian adults (Ball, 
Crawford, & Mishra, 2006). 
Twenty-eight postcodes (14 rural and 14 urban) were randomly selected from each 
tertile of SEP (low, medium and high) based on their SEIFA score. A total of 134 
participants (50% men) were randomly selected from each postcode. Initially, 
11,256 participants were contacted to allow for a 50% response rate at baseline in 
Chapter 3: Methods of the WELL study 
48 
2010 (n=5,628) and a 20% attrition rate in 2012 (n=4,500) and 2014 (n=3,600) 
based on attrition observed in a previous cohort of Australian adults (Lee, Dobson, 
Brown et al., 2005).  
Recruitment 
The recruitment of participants followed the postal survey methodology outlined 
by Dillman (Dillman, 1978; Dillman, 2000). The sample were mailed a letter 
inviting them to participate in the study and one week later they were sent a survey 
package including an invitation letter, a plain language statement, consent form, 
questionnaire, and a reply paid envelope. A reminder letter was sent to non-
respondents three weeks after the survey package was sent. A final reminder and a 
replacement survey package were sent in a further three weeks. In 2012 and 2014 
participants were contacted following the same procedures with the addition of a 
third reminder via a phone call, SMS or email 8 weeks after the second reminder. 
Retention strategies were employed in order to maintain contact with the cohort 
throughout the study. These included ongoing mail correspondence such as mailed 
newsletters, birthday cards and fridge magnets as a reminder to maintain correct 
contact details with the WELL study team.  
Data management and cleaning 
All questionnaires were manually checked on return for missing data or multiple 
responses for questions that only required a single response. Participants were 
contacted via telephone or mail in an attempt to gather the missing responses. 
Sensitive or time-dependant questions were not pursued such as those questions 
that refer to income, health or activities in the previous week or month. Data from 
the 2010 WELL survey questionnaire were manually entered and the 
questionnaires at 2012 and 2014 were designed in a scannable format using 
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TeleForm software (Cardiff, Version 10). All data were processed using the 
software Stata (StataCorp, Version 12.0), each variable was named, labelled and 
coded. Data were examined and range checks were used to identify any variables 
with out-of-range, missing, or implausible values. 
3.3.2 Measures 
This section describes the measures used to assess dietary intake and participant 
characteristics, including sociodemographic, anthropometry, physical activity and 
other health-related behaviours and characteristics.  
Dietary intake 
Dietary intake was assessed at all three-time points of the WELL study using an 
111-item Food Frequency Questionnaire (FFQ). The FFQ utilised was based on an 
existing validated FFQ (Ireland, Jolley, Giles et al., 1994), and was previously used 
in the Australian National Nutrition Survey (McLennan & Podger, 1998; 
McLennan & Podger, 1999) has been used in other cohorts in Australia (Smith, 
Blizzard, McNaughton et al., 2012; Smith, Gall, McNaughton et al., 2010; Smith, 
McNaughton, Gall et al., 2010; Thorpe, Kestin, Riddell, Keast, & McNaughton, 
2014). This questionnaire is used to assess dietary patterns and behaviours which 
demonstrated it is a valid predictor of health outcomes suggesting it has predictive 
validity (McNaughton et al., 2008; Milte, Thorpe, Crawford, Ball, & McNaughton, 
2015; Smith, Gall, et al., 2010; Smith, Sanderson, McNaughton et al., 2014). The 
FFQ assessed participant’s dietary intake over the previous six months, with nine 
response categories for each item ranging from ‘never or less than once a month’ 
to ‘6+ times per day’. No information was gathered on portion sizes. 
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Additional food-based behavioural questions concerning daily fruit and vegetable 
consumption, salt use, trimming the fat from meat and type of bread and milk 
consumed were also included in the questionnaire. These questions have been 
evaluated and shown to be valid measures of food intake behaviours (Australian 
Institute of Health and Welfare, 2006; CATI Technical Reference Group, 2003; 
Coyne, Ibiebele, McNaughton et al., 2005; Hodge, Patterson, Brown, Ireland, & 
Giles, 2000; McLennan & Podger, 1998; Rutishauser, Webb, Abraham, & Allsopp, 
2001). Questions included daily fruit and vegetable intake (about how many serves 
of fruit do you usually eat per day? About how many serves of vegetables do you 
usually eat per day?), frequency of salt use (never/rarely, sometimes, usually or 
don’t know), trimming the fat from meat (I don’t eat meat, never, rarely, 
sometimes, usually or always), type of bread consumed (I don’t eat bread, high 
fibre white, white, wholemeal, rye, multigrain or other) and type of milk consumed 
(I don’t drink milk, whole, skim, low or reduced-fat or soy). 
The FFQs where checked for missing responses or those with multiple responses. 
The guidelines used in the 1995 National Nutrition Survey (McLennan & Podger, 
1998) were followed for data cleaning where required (Table 3.1).  
Table 3.1:  Guidelines for food frequency questionnaire errors 
Error Rule 
If the line was completely blank Record as zero (0) 
If the line had two marks and the item clearly represented more 
than one food 
The higher frequency category was recorded 
If the line had two marks and the item represents exactly one 
food and:  
 
• the two marks are directly next to each other The higher frequency category was recorded 
• food the two marks were separated by an odd 
number of frequency categories 
The middle frequency category was recorded 
• the marks were separated by an even number of 
frequency categories 
The frequency category to the right of the 
middle was recorded 
If the line had more than two marks and represented at least the 
same number of foods 
The highest marked category was recorded 
If the line had multiple marks that were clearly not connected 
to the number of foods represented in the item 
The response was recorded as zero (0). 
Table adapted from the table on page 43 in the National Nutrition Survey users' guide, 1995 (McLennan & Podger, 1998) 
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Participant characteristics 
The 2010 questionnaire was designed to collect a wide range of data on health, 
behaviour, and important covariates. Where possible, questions were sourced from 
previously established measures. Modifications were made in 2012 and 2014 to 
edit questions based on elapsed time and items that were expected to remain 
unchanged over time were only collected at baseline. A copy of the 2010, 2012 and 
2014 questionnaires are provided in Appendix B. 
Sociodemographic characteristics 
Participants reported their sex and date of birth from which age was calculated. 
They indicated their country of birth by selecting the country in which they were 
born, from a list of eight options including ‘other’ and provided their postcode. 
Several indicators of socioeconomic position were collected including education 
(no formal qualification, year 10, year 12, trade/apprenticeship, certificate/diploma, 
university degree, higher university degree), employment status (full-time, part-
time, unemployed or laid off, keeping house and/or raising children full-time, 
studying full-time, retired), income (selected from a list of 14 income brackets) and 
possession of a health care card determined by participants reporting whether or 
not they held any of a list of common Australian health or pension cards. Several 
short answer questions collected information on retirement status and expected 
retirement age. Relationship status was assessed by the question ‘which of the 
following best describes your current relationship status?’ with six response 
category options (living in a registered marriage, living in a de facto relationship, 
separated, divorced, widowed or never married).  
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Anthropometry 
Height (reported in 2010 only) and weight were self-reported in either metric or 
imperial units and were converted to metric units during data entry. The 
anthropometric data were used to calculate body mass index (BMI) for each time 
via the following formula (World Health Organization, 2012a): 
    
 
BMI is a common measure of body size at a population level and it is used to 
indicate relative risk of mortality and morbidity (World Health Organization, 1995; 
World Health Organization, 2012a). The World Health Organisation (WHO) and 
National Health and Medical Research Council (NHMRC) in Australia recommend 
the following criteria to categorise BMI: underweight (BMI<18.5), healthy or 
normal weight (BMI 18.5 to < 25.0), overweight (BMI 25.0 to < 30.0) and obese 
(BMI ≥ 30.0) (Australian Institute of Health and Welfare, 2012; World Health 
Organization, 2012a). Self-reported height and weight has previously been shown 
to be a valid estimate of BMI in large epidemiological studies (Burton, Brown, & 
Dobson, 2010; McAdams, Van Dam, & Hu, 2007; Rowland, 1990). 
Health-related behaviours and characteristics 
Weight loss intentions (actively trying to gain weight, avoid gaining weight, reduce 
weight or not trying anything) and smoking status (never smoked, used to smoke, 
now smoke occasionally, now smoke regularly) were assessed at all study time 
points. Physical activity in the seven days prior to the questionnaire completion 
was assessed at the three time points using the long version of the International 
Physical Activity Questionnaire (IPAQ) (Craig, Marshall, Sjostrom et al., 2003). 
The IPAQ was developed as a self-reported measure of physical activity for 
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assessing population levels of physical activity (Craig et al., 2003). Participants 
were asked to report the frequency, intensity, and duration of leisure time physical 
activity during the previous week. Total minutes of leisure time physical activity 
was calculated as the number of minutes of moderate intensity physical activity per 
week plus twice the number of minutes per week spent participating in vigorous 
intensity physical activity per week (Craig et al., 2003; Siqueira, Facchini, Silveira 
et al., 2011). A dichotomous variable was also created to indicate whether the 
physical activity recommendations of at least 150 minutes of activity per week 
were being met (Haskell, Lee, Pate et al., 2007). Consistent with use in the 
Australian Bureau of Statistics 2011-2012 National Health Survey (Australian 
Bureau of Statistics, 2013b). 
Participants provided their medical history in 2010 by indicating ‘yes’ or ‘no’ as to 
whether they had ever been told by a doctor that they have a list of ten medical 
conditions (45 and up study collaborators, Banks, Redman et al., 2008). A 
modified version of this question was included in 2012 and 2014 where 
participants were asked if they had been told they had any of the same conditions 
in the last 2 years since the previous questionnaire. 
3.3.3 Sample results 
Response rate 
Of the 11,256 invitations sent, 475 people were ineligible to participate due to 
inability to deliver invitation or outside of the target age group (Figure 3.2). The 
final sample included 10,781 eligible participants, of which 4,082 participated in 
2010 (38% response rate). 
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In 2012, those who agreed to be recontacted were invited to take part in time 2 
(n=3,368; 82% response). Of these, 112 withdrew from the study. Contact was lost 
to 72 participants, 5 questionnaires were lost in the mail and 422 were unresolved 
resulting in a total of 611 questionnaires that were not returned. A final total of 
2,757 questionnaires were returned in 2012 (retention rate of 68%). 
In 2014, participants who took part in 2012 or who had not withdrawn were 
recontacted and invited to complete the 2014 questionnaire (n=3,123). Of these 
participants, requests to withdraw were received from 86 subjects, 44 participants 
were lost contact, 3 questionnaires were lost in the mail and 448 participants’ cases 
were unresolved. A total of 2,542 questionnaires were returned in 2014 (response 
rate of 81%, 92% retention of those who participated in 2012). The response rates 
and retention rates are comparable to national and international cohorts (Anstey, 
Byles, Luszcz et al., 2010; Clavel-Chapelon, 2015; Lee, Dobson, et al., 2005). 
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Figure 3.2: Participant recruitment flow diagram of the Wellbeing Eating and 
Exercise for Long Life (WELL) study  
T3 questionnaires sent 
n=3,123 
T2 questionnaires returned 
n=2,757 
Low socioeconomic position 
14 rural post codes × n=134 
14 urban post codes × n=134 
Med socioeconomic position 
14 rural post codes × n=134 
14 urban post codes × n=134 
 
High socioeconomic position 
14 rural post codes × n=134 
14 urban post codes × n=134 
 
n=11,256 
Ineligible subjects n=475 
Out of 55-65 age range n=95 
Invitation not delivered n=380 
2010 questionnaires sent 
n=10,781 
2010 questionnaires returned 
n=4,082 
Subjects withdrew n=714 
Invitation not delivered n=380 
T2 questionnaires sent 
n=3,368 
Subjects withdrew n=112 
• too busy n=18 
• sick n=10 
• deceased n=7 
• away from home n=6 
• provided no reason n=61 
Lost contact with subjects n=72  
Questionnaire lost in mail n=5 
Unresolved n=422 
T3 questionnaires returned 
n=2,542 
Subjects withdrew n=86 
• too busy n=17 
• sick n=4 
• deceased n=6 
• provided no reason n=62 
Lost contact with subjects n=44  
Questionnaire lost in mail n=3 
Unresolved n=448 
Chapter 3: Methods of the WELL study 
56 
Participant characteristics 
At baseline the WELL study participants had similar levels of employment in 
comparison to national figures (60% vs. 61% in full time or part time employment) 
but were more highly educated (28% vs. 19% had completed a university degree or 
higher). Participants were less likely to be overweight or obese in comparison to 
national data (64% vs. 74%) and were less likely to be current smokers (12% vs. 
15%) (Australian Bureau of Statistics, 2011a; Australian Bureau of Statistics, 
2011b; Australian Bureau of Statistics, 2013a). A similar proportions of the WELL 
sample were meeting fruit (10% vs. 11%) and vegetable (61% vs. 56%) 
recommendations compared to the national population of the same age (Australian 
Bureau of Statistics, 2013a). 
3.4 Methodology of the Heart Health study 
The Heart Health study was conducted from October to December 2012 and 
involved a sub-sample of the men and women who participated in the WELL study 
in 2012 (n=778). These participants were invited to provide a blood sample by 
visiting a commercial pathology blood collection centre. Participants also 
completed the short Heart Health questionnaire to gather additional data on 
potential covariates of cardiometabolic risk (Appendix B). The Deakin University 
Human Research Ethics Committee approved the Heart Health WELL sub-study 
protocol (ethics reference number 2009-105). 
3.4.2 Participants and procedures 
Those who returned a 2012 WELL study questionnaire and had indicated that they 
were living in a Victorian suburb defined as urban (n=1,242) or fringe suburb 
(n=41) were eligible to participate in the Heart Health study. Participants living in 
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suburbs defined as rural were not included in the sub-study since access to 
pathology centres may have been limited. 
Recruitment 
In October 2012, eligible participants for the Heart Health study were contacted by 
mail using the same approach used in the WELL study outlined in section 3.3.1. 
Participants were sent an invitation pack that included an invitation letter, plain 
language statement, consent form, and a reply paid envelope. Invitations were 
staggered according to the return date of their WELL 2012 questionnaire (100-200 
participants invited per week) to minimise the differences in time between data 
collection dates and reduce the workload. Participants who returned a signed 
consent form were mailed a blood collection pack that contained instructions, a 
pathology request slip, a questionnaire, and a reply paid envelope. They were 
required to attend the pathology centre to have a sample of blood collected and to 
return the questionnaire via the reply paid envelope supplied. Participants who did 
not respond to the invitation within 2 weeks, were followed-up with a SMS or 
email reminder and a final reminder was sent after a further 2 weeks. Once 
pathology results had been received, participants were sent their results and 
encouraged to discuss them with their doctor. Participants could also agree to and 
nominate their general practitioner to receive a copy of their results and were sent a 
thank you letter and a $20 gift voucher as compensation for their time. 
Data management and cleaning  
The Heart Health questionnaire was designed as a scannable document similar to 
the method used for the WELL 2012 and 2014 questionnaires. The blood test 
results from the pathology centre were accessed electronically through a database 
and manually entered into the secure WELL Heart Health database. Data were 
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exported and processed using the software Stata for cleaning. The variables were 
named, labelled, coded and examined for out-of-range, missing, or implausible 
values. 
3.4.3 Measures  
The blood sampling procedure and measures collected in the Heart Health 
questionnaire are outlined in this section.  
Blood sampling 
Blood samples were collected by Dorevitch Pathology collection centres across 
Victoria and sent to a single laboratory in Melbourne for processing. Dorevitch 
Pathology tested the fasting blood samples for several standard clinical measures 
used in Australia including glucose, insulin, HbA1c, Ultrasensitive C-reactive 
protein and serum lipid profile. The results of these tests were provided to the 
WELL Heart Health study participants in accordance with ethical principles. 
Additional blood samples from each participant were collected, frozen and 
couriered to Deakin University and stored at -80°C for further analysis where 
laboratory staff conducted further tests for inflammation markers including 
interleukin 1b, interleukin 6, interleukin 8 and tumour necrosis factor alpha. 
Participant characteristics 
The Heart Health questionnaire gathered additional data on potential covariates of 
the biomedical measures and was designed to complement the data collected in the 
WELL study questionnaires. The questionnaire contained several questions 
specific to the study of cardiometabolic risk sourced from existing tools. 
Data were collected on recent diagnosis of medical conditions, current smoking 
status, weight and medications use. Medications of particular importance included 
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those that may alter concentrations of lipids or glucose markers, including 
medication for blood pressure, cholesterol or triglycerides, heart problems, 
diabetes or blood sugar level as well as hormone replacement therapy in women 
which may alter cardiometabolic risk (Kuh, Langenberg, Hardy et al., 2005). 
3.4.4 Sample results 
Response rate 
A total of 1,283 participants were invited to participate in the Heart Health study 
during October to December 2012, 844 of them agreed (66% response rate). Sixty-
five people did not provide a blood sample, the majority gave no reason (n=57), 
while the remaining eight said they lived too far away from the pathology centre, 
had recently had a blood test or were too busy. The final number of participants in 
the Heart Health study was 779 (61% of initial invites or 88% of those who 
provided consent). With a sample size of n=779, in linear regression models, with 
two-tailed α=0.05 and nine covariates, there was 80% power to detect an effect 
size corresponding to a correlation of r=0.10 or greater.In logistic regression 
models, with nine covariates assumed to share up to 30% variance with the 
independent variables, a sample size of 779 will be sufficient to detect an odds 
ratio of 1.25 (considered to be a small effect size) with 80% power while adopting 
a two-tailed probability level of 0.05 (Faul, Erdfelder, Buchner, & Lang, 2009). 
Participant characteristics 
Those who participated in the Heart Health study (n=799) were of similar age to 
those who participated in the baseline questionnaire in 2010 (n=4082) (mean age 
60 ± 3 years), they had similar levels of employment and relationship status 
however, the Heart Health participants were more highly educated (42% of men 
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and 41% of women had a university degree or higher vs. 28% and 27%) and more 
likely to be non-smokers (55% and 62% vs. 43% and 56%) and meeting physical 
activity recommendations (59% and 60% vs. 47% and 52%) than the baseline 
sample. 
3.5 Discussion 
Together the WELL study and the Heart Health study were designed to explore the 
associations between nutrition behaviours and cardiometabolic disease risk among 
adults aged 55-65 years. Little is understood as to how to effectively promote 
healthy dietary patterns in older adults and characterising the dietary patterns of 
older adults is an important first step in the understanding the diet behaviours of 
this group. This study’s focus is on a specific group of older adults who are likely 
to be experiencing a variety of different life stage transitions, retirement being just 
one of these. This peri-retirement age group is an understudied group and will 
provide insight into the nutrition behaviours of older adults and the link these have 
with cardiometabolic risk, a pressing problem in older adults.  
The prospective cohort design of the WELL study is a major strength of this study. 
The random sampling process using the Australian electoral roll, and the inclusion 
of equal proportions of men and women, levels of socioeconomic position and 
urban and rural locations minimise bias and maximises generalisabilty. Although 
the participant response rate was modest (38%), the sampling technique resulted in 
a large sample with characteristics consistent with both state (Department of 
Health and Human Services, 2012) and national data (Australian Bureau of 
Statistics, 2011b; Australian Bureau of Statistics, 2014b). The sample 
characteristics suggest that it includes potentially more health conscious people 
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participating in the Heart Health study than the original WELL cohort introducing 
bias. Previous research has established that bias from attrition is primarily a 
concern for studies of prevalence (Knudsen, Hotopf, Skogen, Overland, & 
Mykletun, 2010). Since this study aims to understand the relationship between 
dietary exposure and cardiometabolic risk, the heterogeneity is the key requirement 
rather than sample representativeness. 
FFQs are commonly used in epidemiological studies such as the WELL study 
because they are relatively inexpensive for large scale studies and they are simple 
for participants to complete, reducing participant burden (Gibson, 2005; Ocke, 
2013). However, there are some limitations of FFQs. The WELL questionnaire 
assessed frequency of consumption but did not include portion size, which did not 
permit the estimation of energy intake. However research has shown that 
frequency of intake is the major determinant of energy intake (Leech, Worsley, 
Timperio, & McNaughton, 2015; Nothlings, Murphy, Sharma, Hankin, & Kolonel, 
2006). The FFQ does however, represent usual dietary intake across the previous 
six months accounting for day-to-day variations. This type of dietary data is 
suitable for use in exploration of overall dietary patterns (Ocke, 2013). The 
longitudinal data on food intake is also a strength, as it allows diet to be tracked 
over time in order to explore changes in dietary behaviours. 
Participant bias is acknowledged as a potential limitation of this self-reported 
survey on health-behaviours. It is possible the participants will be inclined to report 
more ‘socially desirable’ behaviours (Tracey, 2016). However, previously used 
and validated assessment tools were sourced and included in the questionnaires to 
reduce unforseen bias. A known common bias is over-estimation of fruit and 
vegetable intake due to the long list of items associated with these foods contained 
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in the FFQ (Cade, Thompson, Burley, & Warm, 2002). This issue was addressed 
with the inclusion of additional questions that assessed daily fruit and vegetable 
intake separately. 
The measurement of a wide range of covariates is a particular strength of the 
WELL study, allowing research to explore many aspects of nutrition behaviours 
while being able to appropriately account for confounding factors. Exploring the 
relationship diet behaviours have with cardiometabolic disease will assist the 
development of future health initiatives.
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Chapter 4: Characterising dietary patterns of 
Australian older adults using three common 
dietary pattern assessment techniques 
4.1 Introduction 
In the previous chapter the methods used to collect the data in the WELL and Heart 
Health studies for use in the following chapters were outlined. This chapter 
describes the dietary patterns of adults aged 55-65 years at baseline, 2010, of the 
WELL study. The participants and measures used in this chapter are outlined 
followed by the dietary pattern assessment methods that will be described in detail, 
including principal component analysis, cluster analysis and the diet quality index. 
Exploring whole dietary patterns, rather than individual components has become 
increasingly important in nutrition research (Kant, 2004). People consume food 
and beverages in combinations and the interaction between the foods, nutrients and 
phytochemicals consumed limit the interpretation of the research findings on 
individual nutrients (Hu, 2002; Slattery, 2010). Exploring whole dietary patterns 
offers an alternative approach to evaluate the relationship between diet and health-
related diseases as it attempts to address the interactions between nutrients 
(Panagiotakos, 2009). 
As discussed in Chapter 2, there is a range of different approaches to assess dietary 
patterns. In this Chapter, three of the most commonly used methods in nutritional 
epidemiology will be explored; principal component analysis, cluster analysis and 
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a dietary index, each provide valuable information about dietary patterns. Since no 
method is considered better than another, it is important to evaluate and compare 
the methods in order to broaden our understanding of dietary patterns and their 
methodology (Ocke, 2013). Few studies have compared methods (Bamia et al., 
2005; Crozier et al., 2006; Emmett et al., 2015; Hearty & Gibney, 2009; Hearty & 
Gibney, 2011; Nettleton et al., 2007; Newby et al., 2004; Smith et al., 2011) and 
even fewer have compared empirical methods with theoretical methods (Kant et 
al., 2004; Penalvo et al., 2015; Reedy et al., 2010). Comparing the similarities and 
differences of these methods within the same data set has been suggested by 
experts in the field in order to increase understanding of the use of these methods 
and to assist in moving forward in this field (Kant, 2004; Newby et al., 2004). 
Comparison studies of dietary pattern methodologies can help us to understand the 
strengths and weaknesses of their application in nutrition research. 
Two manuscripts arising from this chapter have been published and the abstracts to 
these papers have been provided in Appendix C: 
• Thorpe MG, Milte CM, Crawford D, McNaughton SA. A Revised 
Australian Dietary Guideline Index and Its Association with Key 
Sociodemographic Factors, Health Behaviors and Body Mass Index in Peri-
Retirement Aged Adults. Nutrients. 2016, 8, (3):160. 
• Thorpe MG, Milte CM, Crawford D and McNaughton SA. A comparison 
of the dietary patterns derived by principal component analysis and cluster 
analysis in older Australians. International Journal of Behavioral Nutrition 
and Physical Activity, 2016, 13, (1):1-14.  
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4.2 Aim 
The aims of this chapter are: 
1) To describe the dietary patterns of older adults using two empirical-
based methods, principal component analysis and cluster analysis. 
2) To revise the theoretical-based Australian diet quality index to assess 
adherence to the 2013 Australian Dietary Guidelines and to describe the 
dietary patterns of older adults using the revised Diet Guideline Index. 
3) To explore the dietary patterns in relation to key participant 
characteristics including sociodemographic, anthropometry and other 
health-related behaviours and characteristics. 
4) To compare the dietary pattern derived by principal component 
analysis, cluster analysis and a diet quality index. 
4.3 Methodology 
This study drew on the cross-sectional data from the 2010 baseline of the WELL 
study (n=4,082). The participants and recruitment methods have been described in 
detail in Section 3.3.1. 
4.3.1 Measures 
Dietary intake 
Dietary intake was assessed using an 111-item FFQ, which assessed diet in the 
previous 6 months and discussed in Section 3.3.2. Cases with >10% of the FFQ 
data missing were considered invalid (McLennan & Podger, 1998; Willett, 1998) 
and were excluded from dietary pattern analyses, otherwise other missing 
responses were considered not eaten (Willett, 1998). All the responses to the FFQ 
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were converted to daily equivalents as outlined in Table 4.1. Additional validated 
food intake and behaviour questions were used to assess behaviours such as 
trimming the fat from meat, salt use during cooking and meals, type of bread and 
milk usually consumed as well as daily fruit and vegetable intake. 
Table 4.1: Conversion for food frequency questionnaire categories to daily 
equivalent 
Food frequency questionnaire categories Daily equivalent (serves per day) 
Never or less than once per month 0 
1-3 times per month 0.067 
Once per week 0.143 
2-4 times per week 0.429 
5-6 times per week 0.786 
Once per day 1 
2-3 times per day 2.5 
4-5 times per day 4.5 
6+ times per day 6 
Adapted from the 1995 National Nutrition Survey users' guide (McLennan & Podger, 1998). 
 
 
Food groups 
The 111 items in the FFQ were categorised into 52 food groups for the empirically 
based dietary assessment methods (described below). Aggregation of the food 
items minimises the within-person variation in individual food consumption and 
eases the interpretability of the outcome patterns (Hu, Rimm, et al., 2000). The 
food items were categorised according to their nutritional content and culinary 
usage, similar to the methods described in previous dietary pattern studies 
(Anderson, Harris, Tylavsky et al., 2012; McCann, Marshall, Brasure, Graham, & 
Freudenheim, 2001; Nettleton et al., 2006) Consistency with food groups outlined 
in the 2013 Australian Dietary Guidelines (National Health and Medical Research 
Council, 2013b) was also considered to aid comparisons between empirical and 
diet index methods. Items consumed by less than 10% of the population more than 
once per week were combined with other food items where possible, for example 
the rarely consumed liver and other offal were combined with red meat. Soy 
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beverages were omitted from analyses since a large proportion of the sample 
(91%) indicated they never consumed this item. The aggregated food groups are 
detailed in Table 4.2. 
Food groups that comprised of three or more of the original FFQ items were 
checked for implausible total daily frequency. Food groups with frequencies that 
exceeded 3 times the upper 95% confidence interval of Victorian population food 
intake data from the Victoria Health Monitor (Department of Health and Human 
Services, 2012) were considered implausible. These were truncated to 6 serves per 
day to correspond with the FFQ’s maximum response. 
Table 4.2: List of the 52 food groups derived from the 111 items in the food 
frequency questionnaire 
Food groups Food items 
Vegetables and fruit  
Vegetable dishes Green/mixed salad (including lettuce, tomato etc) in a sandwich; 
as a side salad/with a main meal; stir-fried or mixed vegetables; 
vegetable casserole 
Dark green and cruciferous 
vegetables 
Silverbeet or spinach; broccoli; cauliflower; brussels sprout, 
cabbage or coleslaw 
Orange vegetables Pumpkin; sweet potato; carrots 
Salad vegetables Capsicum; celery or cucumber; tomato; lettuce  
Potato Potato, boiled, mashed or baked 
Other vegetables Peas; green beans; zucchini, eggplant or squash; mushrooms; 
onion or leeks; sweetcorn 
Legumes or beans Soybeans or tofu; baked beans; other beans (e.g. chichpeas), 
lentils 
Fruit Apple or pear; orange, mandarin or grapefruit; bananas; peach or 
nectarine; plum or apricot; mango or paw paw; pineapple; grapes; 
melons; strawberries or other berries 
Dried fruit Dried fruit 
Nuts or seeds Peanuts, peanut butter, other nut spreads; other nuts (e.g. almonds, 
walnuts); seeds (e.g. sunflower, tahini) 
Cereal  
White bread White breads, toast or rolls; English muffin, bagel or crumpet 
Wholegrain bread Wholemeal, mixed grain bread, toast or roll 
Savoury crackers Dry or savoury biscuits, crisp-bread, crackers 
Muesli or porridge Muesli, cooked porridge 
Breakfast cereal Breakfast cereal 
Rice Rice (white or brown)  
Pasta Pasta (including filed), noodles 
Meat  
Red meat Beef, veal (roast, chop or steak); lamb (roast, chop or steak); pork 
(roast, chop or steak)1, mince dishes (e.g. rissoles, meatloaf); 
mixed dishes with beef, veal, lamb, pork (e.g. casserole, stir-fry); 
mixed dishes with pork (e.g. casserole, stir-fry); liver (including 
pate); other offal (e.g. kidneys) 
Processed or cured meat Sausage, frankfurter; bacon; ham; luncheon meats, salami 
Poultry Chicken, turkey, duck (roast, steamed, bbq), mixed dishes with 
chicken, turkey, duck (e.g. casserole, stir-fry) 
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Sociodemographic characteristics 
Participants provided information about their age, sex and country of birth 
(collapsed into a dichotomous variable; Australia or other) in the self-administered 
questionnaire. They were classified as either living in an urban or rural area 
according to their postcode and the WELL study classification, consistent with the 
Australian Regional Infrastructure Development Fund Act 1999 (State 
Government of Victoria, 1999). The following variables were collected in the self-
Table 4.2 List of the 52 food groups derived from the 111 items in the food 
 frequency questionnaire (continued) 
Food or food groups (n=52) Food items 
Fish and other seafood Canned fish (e.g. tuna, salmon, sardines); fish (steamed, baked, 
grilled); other seafood (e.g. prawns, squid) 
Fried or battered fish Fried or battered fish 
Eggs Eggs 
Dairy  
Flavoured milk drinks Flavoured milk drinks (e.g. milkshakes, iced coffee, hot 
chocolate) 
Whole milk Milk as drink; milk on breakfast cereals; milk in hot beverage2 
Reduced fat milk Milk as drink; milk on breakfast cereals; milk in hot beverage2 
Cream Cream or sour cream  
Ice-cream Ice-cream 
Yoghurt Yoghurt (plain or flavoured) 
Cottage or ricotta cheese Cottage or ricotta cheese 
Cheddar cheese Cheddar and other cheeses 
Other  
Water Water 
Coffee Coffee 
Tea Tea 
Fruit or vegetable juice Fruit juice (100% juice); vegetable, tomato juice 
High-joule drinks Fruit juice drink or fruit drink; cordial; soft drink (including 
flavoured mineral water) 
Low-joule drink Low-joule cordial; low-joule soft drink 
Beer Beer (low alcohol); beer (ordinary) 
Wine  White wine or champagne, sparkling wine; red wine; wine cooler 
Spirits and liqueurs Sherry, port, fortified wines; spirits, liqueurs 
Sweet biscuits Plain sweet biscuits; cream, chocolate biscuits 
Chocolate or confectionary Chocolate (including chocolate bars e.g. Mars bars); other 
confectionary (e.g. Sweets or lollies) 
Meat pie or sausage rolls  Meat pies, sausage roll or other savoury pastries 
Pizza and/or hamburger Pizza; hamburger 
Spreads and preserves Jam, marmalade, honey or syrups; Vegemite, Marmite or Promite 
Potato chips etc Potato chips, corn chips, Twisties 
Oil and vinegar salad dressing Oil and vinegar salad dressing 
Creamy salad dressing Mayonnaise or other creamy dressing 
Margarine Margarine on bread or cooked vegetables 
Butter Butter on bread or cooked vegetables 
Hot chips or roast potato Hot chips, roast potato or potato wedges 
1. Although pork is not classed as red meat for marketing purposes in Australia, the Australian Dietary Guidelines treat 
pork as red meat since pork is classified as red meat in the international literature, therefore for the purpose of this 
work pork will be classed as red meat. 
2. To differentiate whole fat milk and reduced fat milk participants indicated the type of milk that they usually drink in 
an additional behaviour question. 
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administered questionnaire and collapsed into categories in order to maintain 
reasonable numbers in each group and appropriate statistical power: education (no 
formal qualifications and up to year 10; year 12 trade, apprenticeship, certificate or 
diploma; and a university degree or higher), employment status (working full-time; 
working part-time; and not working) and home ownership status (owner; paying 
mortgage; renter or boarder) Participants reported whether they held any healthcare 
cards (yes or no). A dichotomous variable to indicate retirement status was created 
by examining responses to the short answer question ‘when did you retire or give 
up work completely?’ or choosing the response ‘I’m not retired’ as well as an 
additional short answer question ‘at what age do you expect to retire (completely) 
from the paid workforce?’, or choosing ’do not expect to ever retire’, ‘have already 
retired’ or ‘don’t know’. Participant income was considered but due to large 
number of non-responders (16%), education was used as a proxy measure of 
socioeconomic position (SEP). Relationship status was also collapsed into three 
categories (living as married; separated divorced or widowed; and never married).  
Anthropometry 
Participant’s BMI was calculated from self-report height and weight and were 
categorised as either underweight (BMI < 18.5kg/m2), healthy weight (BMI 18.5 to 
< 25.0 kg/m2), overweight (BMI 25.0 to < 30.0 kg/m2) or obese (BMI ≥ 30.0 
kg/m2) (World Health Organization, 2012a). 
Health-related behaviours and characteristics 
The physical activity of the participants was assessed according to whether they 
were meeting the national recommendation of at least 150 minutes of moderate to 
vigorous activity per week using the IPAQ (Section 3.3.2). Smoking status was 
self-reported by the participants and grouped into three categories (current smoker; 
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former smoker; and never smoked). Participants also reported their previously 
diagnosed cardiometabolic-related conditions that were transformed into a three-
category variable reflecting the number of self-reported cardiometabolic-related 
conditions they had previously been diagnosed with (zero; one; or two or more). 
4.3.2 Dietary pattern assessment using Principal Component Analysis 
Principal Component Analysis (PCA) is a method that uses the correlation matrix 
of food intake variables to identify common patterns of food consumption within 
the data to account for the largest amount of variation in diet within individuals 
(Schulze & Hoffmann, 2006). The food intake variables are assigned a factor 
loading score indicating the correlation with each of the dietary patterns derived 
(Cunha et al., 2010). A calculated factor score is assigned to participants for each 
of the derived patterns, which correspond to how similar their dietary pattern is to 
each of the derived patterns. It is important to take note that the individual’s overall 
dietary pattern is a combination of each of the patterns derived. 
The 52 food groups (listed in Table 4.2) in the form of daily intake frequency were 
entered into the PCA procedure using the software Stata (StataCorp, Version 12.0). 
Since the PCA output results in a large number of factor solutions (as many as 
there are food groups), it is important to identify and explore the most significant 
factors, or in this case dietary patterns. Firstly, only factors with eigenvalues 
greater than 1.0 were considered important (Cliff, 1988; Martínez, Marshall, & 
Sechrest, 1998), then the break in the Scree plot was examined, followed by 
assessing the interpretability of the factors in order to determine the most 
significant dietary patterns with the least subjectivity (Fransen, May, Stricker et al., 
2014). The resulting factors were orthogonally rotated to simplify the factor 
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structure and to enhance their interpretability (Abdi, 2003; Martínez et al., 1998; 
Newby & Tucker, 2004). 
For each factor, food groups with factor loadings of |≥ 0.2| were considered to 
contribute significantly to the pattern and used to calculate factors scores. This cut 
point is commonly used in dietary factor analysis (Schulze, Hoffmann, Kroke, & 
Boeing, 2003). Factor scores were calculated for each dietary pattern by summing 
the observed consumption frequency of the food groups multiplied by the food 
groups factor loading (Kim & Mueller, 1978). 
In order to determine if men and women should be combined or stratified for 
analyses, the PCA procedure was run separately for men and women and the 
results compared. Tucker’s coefficient of congruence provides a measure of the 
similarity of factor interpretations and was used to assess agreement between sexes 
(Lorenzo-Seva & ten Berge, 2006). The coefficient of congruence indicated that 
the dietary factors of men and woman were not equal. Therefore all dietary pattern 
analyses and subsequent tests were stratified by sex. Further details of this analysis 
are presented in Appendix D. 
4.3.3 Dietary pattern assessment using Cluster Analysis 
Cluster analysis is a method used to group individuals into mutually exclusive 
categories made up of individuals who have similar dietary patterns. The K-means 
cluster analysis was employed to determine dietary clusters in this study. K-means 
cluster analysis is designed to maximise the difference in food consumption (food 
group frequency) between clusters (Newby & Tucker, 2004). The K-means method 
is often used in nutritional epidemiology because it can handle a large number of 
input variables efficiently (Kant, 2004; Newby & Tucker, 2004; Wirfalt et al., 
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2013) and has shown high reproducabilty in both men and women (Lo Siou, Yasui, 
Csizmadi, McGregor, & Robson, 2011). 
The 52 food groups (listed in Table 4.2) were utilised for cluster analysis. K-means 
cluster analysis is sensitive to outliers (Newby & Tucker, 2004), therefore these 
input variables were standardised prior to analysis. The standardised score 
represents how many standard deviations the raw score is from the mean of the 
population. The standardised food groups were entered into the K-means cluster 
algorithm using the software Stata. Unlike PCA, the number of outcome clusters 
must be defined a priori. To minimise subjectivity, multiple cluster solutions can 
be run to determine the best solution (Devlin et al., 2012). An initial step using the 
Ward’s hierarchical clustering method and the Duda–Hart stopping rule (Duda & 
Hart, 1973) was employed to determine the number of clusters. Also the range of 
clusters found previously in the literature (2-8) was considered (Newby et al., 
2004). Next the Calinski–Harabasz stopping rule (Calinski, 1968) that examines 
the between- and within-cluster variance was considered to determine the most 
distinct clustering K-means cluster solution. There are many stopping rules to 
determine the number of clusters, however, the Duda–Hart and Calinski–Harabasz 
rules have been shown to be the two top performing methods (Everitt, 2011; 
Milligan & Cooper, 1985). If the solution contained a cluster containing <10% of 
the total sample it was considered too small for adequate statistical power (Everitt, 
2011). Lastly the interpretability of clusters was examined to determine the final 
solution and analysis of variance (ANOVA) was used to examine the between-
cluster variance for each food group. 
Since cluster analysis is sensitive to small changes (Everitt, 2011) the stability of 
the final cluster solution was checked by randomly splitting the sample in half and 
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re-running the analysis to check for agreement. Agreement between the clusters of 
the total sample against the random halves was tested using Kappa statistic and 
standard cut-offs (<0 poor agreement; 0.00-0.20 slight agreement; 0.21-0.40 fair 
agreement; 0.41-0.60 moderate agreement; 0.61-0.80 substantial agreement; and 
0.81-1.00 almost perfect) (Landis & Koch, 1977). 
4.3.4 Dietary patterns assessment using a Diet Quality Index 
There are several Australian-based diet quality indices suitable for use in 
population-based research. These include the Dietary Guideline Index (DGI) 
(McNaughton et al., 2008), the Australian Diet Quality Index (Aussie-DQI) 
(Zarrin, Ibiebele, & Marks, 2013), the Australian Healthy Eating Index (Aust-HEI) 
(The Australian Institute of Health and Welfare, 2007) and its modified version, 
the Total Diet Score (TDS) (Russell, Flood, Rochtchina et al., 2013) and the 
Australian Recommended Food Score (ARFS) (Collins, Burrows, Rollo et al., 
2015; Collins, Young, & Hodge, 2008).  
The Aussie-DQI is a relatively new index and studies using this index have 
focused only on cancer mortality as an outcome and have not examined 
cardiometabolic risk (Zarrin et al., 2013). Research on the Aust-HEI has only 
focused on mental health outcomes (Forsyth, Williams, & Deane, 2012). The 
ARFS has been associated with self-rated health (Collins et al., 2008) however, it 
was shown to be a poorer predictor of Type 2 diabetes than the DGI (Alhazmi, 
Stojanovski, McEvoy, Brown, & Garg, 2014) and not associated with weight gain 
(Aljadani, Patterson, Sibbritt, & Collins, 2015). The TDS has been associated with 
pre-diabetes and all-cause mortality in participant’s aged 49 years and over, 
however its narrow scoring range (0-20) may limit its ability to reflect individual 
differences in diet quality. The Dietary Guideline Index (DGI) (McNaughton et al., 
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2008) was chosen for use in this study as it has been evaluated in several scientific 
papers where it was associated with sociodemographic indicators, nutrient intake 
and cardiometabolic disease (Arabshahi, van der Pols, Williams, Marks, & 
Lahmann, 2012; McNaughton et al., 2008; McNaughton, Dunstan, Ball, Shaw, & 
Crawford, 2009). It is a comprehensive index with a wide scope of dietary factors 
considered including both recommended foods as well as those that are 
discouraged. 
The DGI was developed in 2008 based on the Australian Dietary Guidelines 
(National Health and Medical Research Council, 2003) and the Australian Guide to 
Healthy Eating (Kellett, Smith, & Schmerlaib, 1998). The DGI has been associated 
with independently measured daily nutrient intakes, including an inverse 
relationship with fat and energy consumption and a positive relationship with 
dietary fibre and several important micronutrients such as β-carotene, vitamin C, 
folate, calcium, and iron (McNaughton et al., 2008). A higher DGI score has also 
been associated with a higher level of SEP and reduced cardiometabolic risk 
including Type 2 diabetes, hypertension and obesity in men (Alhazmi, Stojanovski, 
McEvoy, Brown, et al., 2014; Backholer, Spencer, Gearon et al., 2016; 
McNaughton et al., 2009). Furthermore, people with a higher score have 
demonstrated less weight gain compared to those with a lower score in a 15 year 
longitudinal study (Arabshahi et al., 2012). With this evidence the DGI was chosen 
as a robust and suitable tool for assessing diet quality in this study. 
Revised 2013 Dietary Guideline Index 
Since the development of the DGI, the Australian National Health and Medical 
Research Council (NHMRC) released the 2013-revised version of the Australian 
Dietary Guidelines (ADG) (National Health and Medical Research Council, 
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2013b). The revised guidelines were based on the newest scientific evidence and 
included changes in the daily core food recommendations (National Health and 
Medical Research Council, 2011). In order to remain current, the DGI should be 
updated accordingly. Therefore, the DGI was revised in line with the 2013 dietary 
guidelines as part of the work in this thesis. The following section describes the 
design of the revised 2013 Dietary Guideline Index (DGI-2013), followed by the 
application of the DGI-2013 in the WELL study. 
The DGI-2013 is comprised of 13 components that reflect the 2013 ADG (National 
Health and Medical Research Council, 2013b). The cut-offs used to obtain a 
maximum scores were guided by the ADG’s age- and sex- specific food-based 
daily recommendations (National Health and Medical Research Council, 2013a). 
Each component is scored out of 0-10, with the maximum score (10) indicating 
that the associated guideline has been met. Where possible, a proportionate score is 
given for those who fall below the maximum score criteria, as this is a 
recommended practice for dietary index scoring methods (Waijers et al., 2007; 
Wirfalt et al., 2013). 
The five components; ‘total vegetable’, ‘total fruit’, ‘total cereal’, ‘total dairy and 
alternatives’ and ‘total meat and alternatives’ reflect adequate intake of the five 
core food groups. These components were carried over from the original index 
with minor amendments to the scoring criteria according to the revised guidelines. 
Where two indicators are used for one component, the component is split into sub-
components each worth half of the total component score (five points). For 
example ‘total cereal’ has a sub-component for choosing wholegrain or high fibre 
cereal over other low fibre cereal options and ‘total meat and alternatives’ has a 
sub-component to reflect choosing lean meat over processed meat. 
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The ‘diet variety’ component is based on the variety of foods consumed within 
each of the five core groups, using the same method as the original DGI 
(McNaughton et al., 2008). The variety within each food group is defined as the 
proportion of food items within the core food group consumed at least once per 
week and given a score out of two. The sum of these scores results in the total diet 
variety score. 
The term ‘discretionary food’, was altered from its previous name ‘extra food’ to 
ensure consistency with the revised guidelines. Discretionary food describes 
energy-dense food and beverages that are not essential to nutrition (National 
Health and Medical Research Council, 2013b) and includes butter, margarine, 
cream, potato chips, fried fish, meat pies, pizza, processed meats and other 
processed food, high-energy drinks, fruit drinks, soft drink, cordial, honey, jams, 
cakes, sweets or lollies, ice-cream, chocolate, biscuits, and alcoholic drinks. 
Recommendations to limit such foods are reflected in the component ‘limit 
discretionary food’. There are no quantifiable recommendation for discretionary 
food intake in the ADG since they are not essential in the diet and are discouraged 
in the guidelines, therefore the cut-off for the limit discretionary food component 
was sourced from the ADG companion resource for educators (National Health 
and Medical Research Council, 2013a) and is consistent with the previous 
guidelines. 
The components ‘limit saturated fat’, ‘limit added salt’, ‘limit extra sugar’ and 
‘limit alcohol’ reflect specific behaviours identified in the guidelines, these were 
maintained from the previous DGI, with only the cut-offs modified according to 
the updated recommendations. An additional component, ‘limit un-saturated 
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spreads and oils’, is included in the DGI-2013 to reflect the new guideline that 
allows for a moderate intake of poly- and mono-unsaturated fat intake. 
There are no quantifiable guidelines for the ADG recommendation to drink plenty 
of water. Therefore the cut-off values used in the DGI-2013 component ‘total 
beverage intake’ were sourced from the Nutrient Reference Values for Australia 
and New Zealand (National Health and Medical Research Council, 2006) and cut-
offs for the sub-component ‘proportion of water to total beverages’ in the DGI-
2013 was derived from US Beverage Guidelines (Popkin, Armstrong, Bray et al., 
2006) since there were no equivalent Australian recommendations. This method 
was consistent with the previous DGI. The alcohol guidelines in the ADG are 
consistent with the Australian Guidelines to reduce health risk from drinking 
alcohol (National Health and Medical Research Council, 2009), and were used as 
cut-off values in the DGI-2013. 
The dietary guidelines are intended to be considered in combination with one 
another (National Health and Medical Research Council, 2013b), therefore, the 
DGI-2013 indicators were designed with this in mind. For example, soft-drink 
including low-joule soft drink, were not counted towards total beverage intake due 
to the links between soft drink and bone health highlighted in the literature 
(National Health and Medical Research Council, 2011). The DGI-2013 was 
developed for adults and is not designed to assess the diet quality of children, 
adolescents or pregnant women who each have unique requirements. The guideline 
that relates to breastfeeding was not considered as part of this measure nor was 
food hygiene as they are not relevant to adult’s dietary intake or chronic disease. 
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Application of the Revised Dietary Guideline Index in the WELL study  
In order to assess the diet quality of the WELL study population, the ADG and 
food-based recommendations specific for the 51-70 year old age group were 
applied to DGI-2013. The DGI-2013 components and scoring method for the 
WELL study population is outlined in Table 4.3. Appendix E outlines the 
components in more detail for all adults. 
For WELL participants, the total daily intake of each food group was calculated by 
summing the daily intake frequency of the food or beverage items within the food 
group. This method was used for all components that assessed total daily serves, 
with the exception for fruit and vegetable intake. To avoid over-estimation of fruit 
and vegetable intake, which is a limitation of FFQs (Cade et al., 2002; Kaaks, 
Slimani, & Riboli, 1997), the measure of fruit and vegetable intake was based on 
the behaviour questions ‘about how many serves of fruit do you usually eat per 
day?’ and ‘about how many serves of vegetables do you usually eat per day?’. The 
food-based recommendations specific for this age group were used as cut-off 
values for DGI-2013 scoring. However, the measure of vegetable intake could not 
exactly identify the ADG recommendation of 5.5 serves of vegetables per day in 
men. Therefore, the male cut-off for total vegetable score was rounded down to at 
least five serves per day, similar to the previous recommendations. 
The behavioural question ‘what type of bread do you usually eat?’ was used to 
determine adherence to the recommendation to choose mostly wholegrain or high 
fibre cereal and the indicator for the cereal sub-component ‘wholegrain or high 
fibre cereals’. This was modified from the original DGI with an improved 
indicator. Other validated behavioural questions were used as indicators for ‘limit 
foods high in saturated fat’ and ‘limit salt’ that were carried over from the original 
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DGI (Australian Institute of Health and Welfare, 2006; CATI Technical Reference 
Group, 2003; Coyne et al., 2005; Hodge et al., 2000; McLennan & Podger, 1998; 
Rutishauser et al., 2001).  
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Table 4.3: Components and scoring methods of the 2013 Revised Dietary 
Guideline Index (DGI-2013) for men and women aged 51-70 years 
Key dietary guideline Indicator and description Max score 
Criteria for max 
score1 
Criteria for min 
score (0) 
Adequate intake     
Enjoy a wide variety of 
nutritious foods 
1.   Diet variety 2. : proportion of 
food from each of the 5 
core food groups eaten at 
least 1 serve per week  
10 100% 0 
Plenty of vegetables 2.   Total vegetable intake: 
servings of vegetables per 
day 
10 ≥ 5 0 
 
Fruit 3.   Total fruit intake: servings 
of fruit per day 
10 ≥ 2 0 
Grain (cereal) foods 4A. Total cereal intake: 
servings of cereal per day 
5 males:     ≥ 6 
females:  ≥ 4 
0 
 
Mostly wholegrain and/or 
high fibre cereal varieties 
4B. Wholegrain or high fibre 
cereals: Type of bread 
usually consumed 
5 Wholemeal White 
Lean meat and poultry, fish, 
eggs, nuts and seeds, and 
legumes/beans 
5A. Total meat and alternative: 
servings per day 
5 males:     ≥ 2.5  
females:  ≥ 2 
0 
Lean meat 5B. Lean meat: proportion of 
lean meats and alternatives 
to total meat and 
alternatives per day 
5 100% 0% 
Milk, yoghurt, cheese and/or 
their alternatives, mostly 
reduced fat3 
6.  Total dairy and alternative: 
servings per day 
10 males:     ≥ 2.5 
females:  ≥ 4 
0 
Drink plenty of water 7A. Total beverage intake 4: 
servings per day 
5 males:     ≥ 10 
females:  ≥ 8 
0 
 7B. Water 4: proportion of 
water to total beverage 
intake per day 
5 
 
≥ 50% 0% 
Limit intake     
Limit intake of foods 
containing saturated fat, 
added salt, added sugars and 
alcohol 
8.   Limit discretionary foods 10 males:      ≤ 3 
females:  ≤ 2.5 
males:      > 3 
females:  > 2.5 
Limit intake of foods high in 
saturated fat 
9A. Trim meat: trimming fat 
from meat 
5 
 
Usually Never or rarely 
 
 9B. Choose reduced-fat milk:  
type of milk usually 
consumed 
5 Skim, low or 
reduced fat milk 
Whole milk 
Small allowance of 
unsaturated oils/fats/spreads 
10.  Limit un-saturated spreads 
and oils: servings per day 
10 males:      ≤ 4 
females:   ≤ 2 
males:     > 4  
females:  > 2 
Limit intake of foods and 
drinks containing added salt 
11A. Salt use: salt added during 
cooking  
5 Never or rarely Usually 
 11B. Salt use :salt added during 
the meal 
5 Never or rarely Usually 
Limit intake of foods and 
drinks containing added 
sugars 
12. Limit extra sugar 5: servings 
per day 
10 males:     ≤ 1.5 
females:  ≤ 1.25 
males:     > 1.5 
females:  > 1.25 
If you choose to drink 
alcohol, limit intake 
13. Limit alcohol: servings per 
day 
10 ≤ 2 > 2 
1. Criteria for maximum score were derived from the Australian Dietary Guidelines (National Health and Medical 
Research Council, 2013b) unless otherwise noted. 
2. Diet variety was based on the Recommended Food Score (Kant et al., 2000)  
3. Choosing reduced fat dairy is captured in the ‘limit saturated fat’ component. 
4. The beverage consumption cut-off was based on Nutrient Reference Values for Australia and New Zealand 
(National Health and Medical Research Council, 2006) and the proportion of water to total beverage intake was 
derived from US Beverage Guidelines (Popkin et al., 2006)  
5. There are no recommended serves for extra sugar instead half of the maximum discretionary food cut-off were 
used.  
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4.3.5 Statistical analysis 
Twelve participants who did not provide their date of birth and 111 people who did 
not provide sufficient dietary intake data (missing >10% of FFQ or who were 
missing additional diet behaviour questions) where excluded, the final analytical 
sample was 3959 participants (1888 men and 2071 women). Descriptive statistics 
(ANOVA and Chi-square analysis), were used to describe the main features of the 
study sample and explore the difference in participant characteristics by sex. In 
order to retain the maximum data available, participants who were missing 
individual characteristics, were only omitted from the test for which the data were 
missing, therefore the number of participants (n) may vary in the univariate 
analysis of participant characteristics. 
The factor scores computed for the obtained dietary factors were converted to 
categories according to tertiles to aid analysis and interpretation. Chi-square 
analysis was used to test associations of the factor score tertiles with participant 
characteristics. The participant characteristics across clusters were explored using 
Chi-square analysis for the categorical variables and one-way ANOVA for 
continuous variables. The DGI-2013 score was normally distributed and therefore 
the associations between the continuous DGI-2013 score and participant 
characteristics were tested using one-way ANOVA with a Sidak post-hoc test and 
T-tests for the binary variables. All analyses were conducted in the software Stata 
(StataCorp, Version 12.0) and separately for males and females. Statistical 
significance was defined as P<0.05. 
Since it is not possible to assess criterion validity or reliability of the dietary 
patterns using standard methods (e.g. Bland Altman or interclass correlations), 
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descriptive statistics were used to assess construct validity of the dietary patterns 
and compare them between one another. 
PCA vs. Cluster Analysis 
The mean PCA factor scores by clusters were compared using ANOVA and a 
bonferroni post-hoc test. First, the factor scores were standardised so that all the 
dietary factors could be compared across the same scale, easing interpretation.  
DGI-2013 vs. PCA 
Pearson’s correlation was used to determine if there was a significant correlation 
between the DGI-2013 and PCA factor scores in this population. 
Cluster Analysis vs. DGI-2013 
The mean DGI-2013 score was explored across the dietary clusters and assessed 
using ANOVA and a bonferroni post-hoc test. 
4.4 Results 
The following sections describe the WELL study sample characteristics followed 
by the dietary patterns obtained by PCA and cluster analysis. The associations 
between participant characteristics with each of the dietary patterns derived using 
PCA, cluster analysis and DGI-2013 score are also explored. Lastly, the dietary 
pattern assessment methods will be compared. 
4.4.1 WELL study participant characteristics 
Key participant characteristics, including sociodemographic, anthropometry and 
other health-related behaviours and characteristics, are shown in Table 4.4. The 
sample consisted of 1,888 males and 2,071 females aged between 55 and 65 years. 
There was no difference in the mean age of men and women with a mean and 
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standard deviation (SD) of 59.9 (3.1) years. The vast majority of the sample was 
born in Australia (80%) and 53% were from rural areas. There were no differences 
between these characteristics by sex. 
More men achieved a higher level of education compared to women, with 32% 
men with no formal qualifications compared to 41% of women (P<0.001). Almost 
half (48%) of the men were working full-time, while only a fifth of women worked 
full-time (20%). Similarly, fewer men than women reported being retired (31% vs. 
43%: P<0.001). There was no difference between the home ownership status of 
men and women, with the majority reporting that they were living in a house they 
owned with no mortgage (68% vs. 70%: P=0.221). 
The highest proportion of men was classified as overweight (48%), while for 
women the highest proportion was within the healthy weight range (44%). Men 
reported smoking more often than did women (14% vs. 11%: P<0.001). Fewer men 
were meeting the physical activity recommendations than women (48% vs. 52%: 
P=0.001). Approximately half of the men (49%) and 55% of women reported that 
they had not been diagnosed with any cardiometabolic-related condition. Of the 
remaining people, most reported only one condition; with few reporting having 
two or more. More men reported two or more cardiometabolic-related conditions 
than did women (16% vs. 12% men and women, respectively: P=0.001).  
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Table 4.4: Characteristics of men and women participating in the Wellbeing 
Eating and Exercise for a Long Life study, 2010 
 Men Women P-value1 
Mean age (SD) at baseline2 60 ± 3 60 ± 3 0.875 
Born in Australia (%) n3 1,876 2,069  
Yes 79 81 0.065 
No 21 19  
Urban/Rural (%) n 1,888 2,071  
Urban 48 47 0.563 
Rural 52 53  
Education (%) n 1,857 2,036  
No formal qualifications and up to year 10 32 41 <0.001 
Year 12, trade/apprenticeship or 
certificate/diploma 40 32  
University degree and higher 28 27  
Employment status (%) n 1,855 2,035  
Working full-time 48 20 <0.001 
Working part-time 19 32  
Not working 33 42  
Home ownership status (%) n 1,870 2,055  
Owner (no mortgage) 68 70 0.221 
Purchaser (paying mortgage) 21 20  
Renter or boarder 11 10  
Hold a healthcare card (%) n 1,830 2,033  
Yes 34 43 <0.001 
No 66 57  
Retired (%) n 1,843 1,994  
Yes 31 43 <0.001 
No 70 57  
Relationship status (%) n 1,876 2,059  
Living as married 82 75 <0.001 
Separated, divorced or widowed 12 21  
Never married 6 4  
BMI (%) n 1,834  1,995  
Healthy (BMI ≥ 18.5 to < 25kg/m2) 28 44 <0.001 
Overweight (BMI ≥ 25 to < 30kg/m2) 48 32  
 Obese (BMI ≥ 30kg/m2) 24 24  
Smoking status (%) n 1,867 2,058  
Never smoked 43 56 <0.001 
Former smoker 43 33  
Current smoker 14 11  
Meeting physical activity guidelines (%) n 1,808 1,994  
Yes 47 52 0.001 
No 53 48  
Number of cardiometabolic-related 
medical conditions (%) n 1,888 2,071  
0 49 55 <0.001 
1 35 33  
2-5 16 12  
1. Statistical significance by sex using ANOVA or Chi-square. 
2. Age in years at the census date (31st Oct 2009); Abbreviation: SD- Standard Deviation. 
3. n varies due to missing data.  
 
 
4.4.2 Dietary patterns derived by Principal Component Analysis 
PCA was conducted with 52 food groups independently for men and women. The 
break in the screeplot of eigenvalues indicated that there are four major dietary 
patterns in men (Figure 4.1). The scree plot for women indicated that women might 
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have either two or four major patterns, therefore, both the two and four factor 
solutions were explored for women. The four-factor solution in women resulted in 
one factor with little meaningfulness (characterised by high loadings of fish, egg 
and pasta), therefore, the two factor solution was used as the final solution. The 
PCA-derived dietary patterns were explored and labeled according to the food 
groups that loaded highly (|≥ 0.2|) in each factor (Table 4.5). There were no cross 
loading of food groups. A full list of factor loading outcomes for the 52 food 
groups is included in Appendix F. 
Figure 4.1: Screeplots of eigenvalues obtained from principal component 
analysis of 52 food groups a) men b) women, 2010
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Table 4.5: 
Factor loadings for key food item
s in the varim
ax rotated principal com
ponents for m
en and w
om
en, W
ellbeing Eating and 
Exercise for a Long Life study, 2010
1 
 
M
en 
 
 
W
om
en 
  
Factor 1 
V
egetable 
dishes, fruit, 
fish &
 poultry 
Factor 2 
Spreads, 
biscuits, cakes 
&
 confectionary 
Factor 3 
R
ed or 
processed 
m
eat, w
hite 
bread, fried 
fish &
 hot 
chips 
Factor 4 
V
egetables 
Factor 1 
V
egetables, 
fruit &
 fish 
Factor 2 
C
akes, 
processed m
eat, 
hot chips &
 
confectionary 
Eigenvalue  
4.39 
3.22 
2.22 
2.01 
Eigenvalue  
4.19 
3.26 
%
 variance explained 
5.8%
 
5.7%
 
5.6%
 
5.6%
 
 
%
 variance explained 
7.8%
 
6.5%
 
V
egetable dishes 
0.31 
- 
- 
- 
 
O
ther vegetables 
0.34 
- 
Fish and other seafood 
0.31 
- 
- 
- 
 
Salad vegetables  
0.34 
- 
O
il and vinegar salad dressing 
0.31 
- 
- 
- 
 
V
egetable dishes 
0.29 
- 
Salad vegetables  
0.28 
- 
- 
- 
 
D
ark green and cruciferous veg 
0.29 
- 
R
ice 
0.24 
- 
- 
- 
 
Fruit 
0.26 
- 
Legum
es or beans 
0.22 
- 
- 
- 
 
Fish and other seafood 
0.25 
- 
C
ottage or ricotta cheese 
0.22 
- 
- 
- 
 
O
range vegetables 
0.25 
- 
Fruit 
0.22 
- 
- 
- 
 
Legum
es or beans 
0.23 
- 
Poultry 
0.20 
- 
- 
- 
 
N
uts or seeds 
0.23 
- 
Potato 
-0.21 
- 
- 
- 
 
C
akes, pastries or other desserts 
- 
0.27 
Spreads and preserves 
- 
0.34 
- 
- 
 
Processed or cured m
eat 
- 
0.26 
Sw
eet biscuits 
- 
0.28 
- 
- 
 
Sw
eet biscuits 
- 
0.25 
C
akes, pastries or other desserts 
- 
0.27 
- 
- 
 
H
ot chips, roast potato or w
edges 
- 
0.23 
W
holegrain bread 
- 
0.26 
- 
- 
 
C
hocolate or confectionary 
- 
0.23 
M
argarine 
- 
0.24 
- 
- 
 
H
igh-joule drinks 
- 
0.23 
Savoury crackers 
- 
0.23 
- 
- 
 
M
eat pie or sausage rolls 
- 
0.22 
C
hocolate or confectionary 
- 
0.23 
- 
- 
 
Potato 
- 
0.21 
C
heddar cheese 
- 
0.22 
- 
- 
 
 
 
 
B
reakfast cereal 
- 
0.22 
- 
- 
 
 
 
 
Processed or cured m
eat 
- 
- 
0.29 
- 
 
 
 
 
Pizza and/or H
am
burger 
- 
- 
0.28 
- 
 
 
 
 
R
ed m
eat 
- 
- 
0.28 
- 
 
 
 
 
W
hite bread 
- 
- 
0.25 
- 
 
 
 
 
Fried or battered fish 
- 
- 
0.25 
- 
 
 
 
 
H
igh-joule drinks 
- 
- 
0.23 
- 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Table 4.5: 
Factor loadings for key food item
s in the varim
ax rotated principal com
ponents for m
en and w
om
en, W
ellbeing Eating and 
Exercise for a Long Life study, 2010
1 (continued) 
 
M
en 
 
 
W
om
en 
Factor 1 
V
egetable 
dishes, fruit, 
fish &
 poultry 
Factor 2 
Spreads, 
biscuits, cakes 
&
 confectionary 
Factor 3 
R
ed or 
processed 
m
eat, w
hite 
bread, fried 
fish &
 hot 
chips 
Factor 4 
Traditional 
vegetables 
Factor 1 
V
egetables, 
fruit, &
 fish 
Factor 2 
C
akes, 
processed m
eat, 
hot chips &
 
confectionary 
Eigenvalue  
4.39 
3.22 
2.22 
2.01 
Eigenvalue  
4.19 
3.26 
%
 variance explained 
5.8%
 
5.7%
 
5.6%
 
5.6%
 
 
%
 variance explained 
7.8%
 
6.5%
 
H
ot chips, roast potato or w
edges 
- 
- 
0.20 
- 
 
 
 
 
M
uesli or porridge 
- 
- 
-0.20 
- 
 
 
 
 
R
educed fat m
ilk 
- 
- 
-0.22 
- 
 
 
 
 
O
range vegetables 
- 
- 
- 
0.50 
 
 
 
 
D
ark green and cruciferous vegetables 
- 
- 
- 
0.44 
 
 
 
 
O
ther vegetables 
- 
- 
- 
0.44 
 
 
 
 
Potato 
- 
- 
- 
0.36 
 
 
 
 
1. O
nly food groups w
ith factor loadings |≥ 0.2| are displayed and are listed in order for sim
plicity and ease of interpretation. 
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For men, Factor 1 ‘vegetable dishes, fruit, fish and poultry’ is characterised by 
high factor loadings for vegetable dishes, fish and seafood, oil and vinegar salad 
dressing, salad vegetables, rice, legumes, cottage or ricotta cheese, fruit and 
poultry and with a low loading for potatoes. Factor 2 ‘spreads, biscuits, cakes and 
confectionary’ is characterised by a high loading values for spreads and preserves 
including jam, marmalade, honey or Vegemite, sweet biscuits, cakes, sweet 
pastries or other desserts, wholegrain bread, margarine, savoury crackers, 
chocolate or confectionary, cheddar cheese and breakfast cereal. Factor 3 ‘red or 
processed meat, white bread, fried fish and hot chips’ is characterised by having 
high loading values for processed or cured meat, pizza or hamburger, red meat, 
white bread, fried or battered fish, high-joule drinks, and hot chips roast potato or 
wedges while having low loadings for muesli or porridge and reduced fat milk. 
Factor 4 ‘traditional vegetables’ is characterised by higher loadings for orange 
vegetables, dark green and cruciferous vegetables, potato and other vegetables 
including peas, green beans, zucchini, eggplant or squash, mushroom, onion or 
leek and sweet corn. These patterns explained 5.8%, 5.7%, 5.6% and 5.6% of the 
variation in food intakes, respectively. 
In women, Factor 1 ‘vegetables, fruit, and fish’ is characterised by high loading 
values for vegetables including; salad, dark green and cruciferous and orange 
vegetables as well as vegetable dishes and other vegetables, fruit, fish and seafood, 
legumes or beans and nuts or seeds. Factor 2 ‘cakes, processed meat, hot chips and 
confectionary’ is characterised by high loadings for cakes, pastries or other 
desserts, processed or cured meat, sweet biscuits, hot chips, roast potato or wedges, 
chocolate or confectionary, high-joule drinks, meat pie or sausage roll and potato. 
These patterns explained 7.8% and 6.5% of the variation in food intakes. 
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4.4.3 Dietary patterns derived by Cluster Analysis 
For both sexes, two to eight cluster solutions were performed and the clusters were 
explored in order to determine the best solution. Using the Duda–Hart stopping 
rule and the Stata output, the resulting number of clusters was based on the largest 
Je(2)/Je(1) values that correspond to a low pseudo-T-squared values (StataCorp, 
2013). The Calinski–Harabasz stopping rule was also considered, large values of 
Pseudo F indicate close-knit and separated clusters (StataCorp, 2013). See 
Appendix G for further details.  
Cluster outcomes two to four were explored for both men and women. The two 
cluster solutions produced two uninterpretable patterns; all food groups were 
consumed significantly more frequently in one cluster compared to the other. The 
four-cluster solution produced similar patterns to the three-cluster solution with the 
addition of a small cluster containing <10% of the sample. The three-cluster 
solution produced the best outcome for both men and women as it formed 
reasonable sized (>10% of sample) and well-separated clusters determined by a 
high Calinski–Harabasz pseudo F statistic (Calinski and Harabasz, 1974) with 
varied consumption frequency of key food groups. 
The reliability of the chosen cluster solutions was confirmed by running the 
analysis on a random 50% sample. Kappa statistic indicated good agreement for 
men (Kappa coefficient=0.72) and very good agreement for women (Kappa 
coefficient=0.83) indicating that the solutions were a reliable representation of the 
dietary clusters in this sample. The clusters were labelled according to the food 
item characteristics of each cluster. 
Chapter 4: Dietary patterns of older adults 
 
90 
The dietary clusters identified in men are detailed in Table 4.6. Cluster 1 ‘fruit, 
vegetables, wholegrains, fish and poultry’, in men was characterised by higher 
intake of fruit, vegetables and vegetable dishes, water, tea, wine, reduced-fat milk, 
yogurt, wholegrain bread, savoury crackers, muesli or porridge, rice, pasta, poultry, 
fish and seafood, nuts and seeds, oil and vinegar salad dressing, legumes and beans 
and dried fruit. The men within Cluster 2 ‘red and processed meat, white bread, 
flavoured drinks, cakes, pastries and confectionary’ were characterised by higher 
intake of coffee, white bread, high-joule-drinks, red meat, beer, margarine, 
processed or cured meat, sweet biscuits, whole milk, chocolate or confectionary, 
butter, potato, cakes, pastries or dessert, ice-cream, hot chips, roast potato or 
wedges, flavoured milk, spirits and liqueurs, meat pies or sausage rolls, creamy 
salad dressing, pizza and/or hamburgers, potato chips, cream and fried or battered 
fish. Cluster 3 ‘small eaters’ was characterised by a consistently lower mean daily 
intake for the majority of the food items compared to the overall group mean 
intake. 
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Table 4.6: Mean (SD) food consumption frequency per day for men by dietary 
cluster, Wellbeing Eating and Exercise for a Long Life, 20101 
 
Overall 
Cluster 1 
Fruit, 
vegetables, 
wholegrains, 
fish & poultry 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured 
drinks, cakes, 
pastries & 
confectionary 
Cluster 3 
Small Eaters (low 
mean intake 
frequency on 
most items) 
Food groups n=1,888 n=474 (25%) n=343 (18%) n=1,071 (57%) 
Vegetables and Fruit         
Vegetable dishes 1.26 (0.89) 1.85 (1.10)a 1.25 (0.87)b 1.00 (0.62)c 
Salad vegetables  1.46 (1.00) 2.18 (1.19)a 1.40 (0.95)b 1.16 (0.72)c 
Dark green and cruciferous 
vegetables 0.77 (0.71) 1.22 (0.92)a 0.76 (0.72)b 0.57 (0.47)c 
Orange vegetables 0.78 (0.57) 1.14 (0.70)a 0.83 (0.59)b 0.61 (0.41)c 
Potato 0.44 (0.39) 0.48 (0.39)a 0.62 (0.58)b 0.36 (0.28)c 
Other vegetables 1.40 (0.88) 2.05 (1.06)a 1.50 (0.87)b 1.09 (0.58)c 
Legumes/beans 0.17 (0.38) 0.31 (0.60)a 0.16 (0.38)b 0.12 (0.18)b 
Fruit 2.04 (1.65) 3.13 (1.86)a 1.96 (1.73)b 1.58 (1.26)c 
Dried fruit 0.15 (0.36) 0.30 (0.55)a 0.12 (0.34)b 0.09 (0.20)a 
Nuts and/or seeds 0.47 (0.63) 0.84 (0.89)a 0.38 (0.43)b 0.33 (0.47)b 
Cereal         
White bread 0.51 (0.82) 0.24 (0.51)a 1.22 (1.25)b 0.40 (0.61)c 
Wholegrain bread 0.74 (0.88) 1.25 (1.10)a 0.60 (0.94)b 0.56 (0.64)b 
Savoury crackers 0.35 (0.52) 0.55 (0.73)a 0.41 (0.56)b 0.24 (0.33)c 
Muesli or porridge 0.31 (0.55) 0.58 (0.84)a 0.17 (0.34)b 0.23 (0.37)b 
Breakfast cereal 0.46 (0.59) 0.53 (0.69)a 0.55 (0.77)a 0.40 (0.45)b 
Rice 0.21 (0.33) 0.29 (0.39)a 0.15 (0.22)b 0.19 (0.32)b 
Pasta 0.18 (0.22) 0.23 (0.20)a 0.17 (0.35)b 0.16 (0.16)b 
Meat         
Red meat 0.78 (0.57) 0.78 (0.52)a 1.13 (0.80)b 0.67 (0.44)c 
Processed or cured meat 0.43 (0.42) 0.40 (0.36)a 0.75 (0.62)b 0.34 (0.31)c 
Poultry 0.23 (0.23) 0.31 (0.28)a 0.25 (0.25)b 0.19 (0.19)c 
Fish and other seafood 0.34 (0.35) 0.49 (0.47)a 0.29 (0.27)b 0.28 (0.28)b 
Fried or battered fish 0.07 (0.09) 0.07 (0.11)a 0.11 (0.12)b 0.05 (0.07)c 
Eggs 0.23 (0.23) 0.27 (0.25)a 0.30 (0.29)a 0.19 (0.19)b 
Dairy         
Flavoured milk drinks 0.09 (0.32) 0.05 (0.14)a 0.26 (0.64)b 0.06 (0.17)a 
Whole Milk 0.27 (0.63) 0.16 (0.42)a 0.69 (1.07)b 0.18 (0.44)a 
Reduced fat milk 0.44 (0.71) 0.69 (0.98)a 0.26 (0.59)b 0.39 (0.57)c 
Cream 0.07 (0.19) 0.07 (0.13)a 0.14 (0.38)b 0.05 (0.10)a 
Ice-cream 0.19 (0.30) 0.20 (0.37)a 0.31 (0.33)b 0.15 (0.23)c 
Yoghurt 0.27 (0.44) 0.50 (0.61)a 0.21 (0.42)b 0.19 (0.31)b 
Cottage or ricotta cheese 0.04 (0.14) 0.08 (0.22)a 0.03 (0.11)b 0.03 (0.09)b 
Cheddar cheese 0.42 (0.49) 0.53 (0.59)a 0.59 (0.69)a 0.32 (0.31)b 
Other         
Water 2.37 (1.95) 3.05 (1.98)a 2.42 (2.01)b 2.06 (1.84)c 
Coffee 1.71 (1.55) 1.56 (1.43)a 2.05 (1.78)b 1.67 (1.50)a 
Tea 1.62 (1.60) 2.03 (1.59)a 1.69 (1.73)b 1.42 (1.53)c 
Fruit or vegetable juice 0.37 (0.55) 0.48 (0.67)a 0.47 (0.64)a 0.29 (0.44)b 
High-joule drinks 0.48 (0.84) 0.35 (0.63)a 1.16 (1.40)b 0.32 (0.50)a 
Low-joule drink 0.22 (0.61) 0.17 (0.46)a 0.29 (0.84)b 0.22 (0.58)ab 
Beer 0.60 (1.14) 0.35 (0.57)a 1.05 (1.71)b 0.56 (1.06)c 
Wine  0.47 (0.76) 0.59 (0.83)a 0.36 (0.61)b 0.45 (0.77)b 
Spirits and liqueurs 0.11 (0.33) 0.08 (0.18)a 0.20 (0.58)b 0.10 (0.26)a 
Cakes, pastries or desserts 0.32 (0.40) 0.39 (0.43)a 0.54 (0.56)b 0.21 (0.28)c 
Sweet biscuits 0.34 (0.58) 0.37 (0.62)a 0.69 (0.91)b 0.22 (0.34)c 
Chocolate or confectionary 0.30 (0.48) 0.29 (0.42)a 0.65 (0.81)b 0.19 (0.26)c 
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The dietary clusters identified in women are described in Table 4.7. Cluster 1 
‘fruit, vegetables, nuts, legumes and fish’ in women was characterised by higher 
frequency of reduced-fat milk, yogurt, cottage or ricotta cheese, muesli or porridge, 
rice, fish and other seafood, nuts and seeds, oil and vinegar salad dressings, water 
fruit, vegetables and vegetable dishes, dried fruit, legumes and beans. Cluster 2 
‘red and processed meat, white bread, flavoured drinks, cakes, pastries and 
confectionary’ was characterised by a high frequency of tea, margarine, red meat, 
spreads and preserves, sweet biscuits, potato, chocolate or confectionary, savoury 
crackers, cakes, pastries or dessert, cheddar cheese, breakfast cereal, white bread, 
processed or cured meat, butter, high-joule drinks, low-joule drinks, ice-cream, 
creamy salad dressing, hot chips, roast potato or wedges, whole milk, cream, spirits 
and liqueur, potato chips, flavoured milk drink, pizza or hamburger, meat pie or 
sausage roll. Similar to men, Cluster 3 ‘small eaters’ found for women was 
characterised by a consistently lower mean daily intake frequency than the overall 
group mean for the majority of the food items.   
Table 4.6: Mean (SD) food consumption frequency per day for men by dietary 
cluster, Wellbeing Eating and Exercise for a Long Life, 20101
 (continued) 
 
Overall 
Cluster 1 
Fruit, 
vegetables, 
wholegrains, 
fish & poultry 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured 
drinks, cakes, 
pastries & 
confectionary 
Cluster 3 
Small Eaters (low 
mean intake 
frequency on 
most items) 
Food groups n=1,888 n=474 (25%) n=343 (18%) n=1,071 (57%) 
Meat pie or sausage rolls 0.08 (0.18) 0.05 (0.06)a 0.17 (0.37)b 0.06 (0.08)a 
Pizza or Hamburger 0.09 (0.10) 0.08 (0.08)a 0.16 (0.17)b 0.07 (0.07)a 
Spreads and preserves 0.58 (0.68) 0.81 (0.77)a 0.79 (0.97)a 0.41 (0.43)b 
Potato chips etc 0.07 (0.15) 0.05 (0.11)a 0.16 (0.26)b 0.05 (0.11)a 
Oil and vinegar salad dressing 0.19 (0.27) 0.30 (0.34)a 0.21 (0.29)b 0.14 (0.21)c 
Creamy salad dressing 0.10 (0.18) 0.13 (0.19)a 0.16 (0.25)b 0.07 (0.13)c 
Margarine 0.62 (0.84) 0.69 (0.89)a 0.98 (1.24)b 0.47 (0.59)c 
Butter 0.30 (0.64) 0.30 (0.61)a 0.63 (1.02)b 0.20 (0.42)c 
Hot chips, roast potato or wedges 0.14 (0.22) 0.11 (0.18)a 0.26 (0.39)b 0.11 (0.13)a 
1. All values are mean (SD) unless specified. 
a, b & c Different letter indicates significant difference between clusters tested with ANOVA with bonferroni post hoc; P<0.05. 
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  Table 4.7: Mean (SD) food consumption frequency per day for women by 
dietary cluster, Wellbeing Eating and Exercise for a Long Life 
study, 20101 
 
Overall 
Cluster 1 
Fruit, 
vegetables, 
nuts, legumes 
& fish 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured drinks, 
cakes, pastries & 
confectionary 
Cluster 3 
Small Eaters 
(low mean 
intake 
frequency on 
most items) 
Food groups n=2,071 n=525 (25%) n=409 (20%) n=1,137 (55%) 
Vegetables and Fruit         
Vegetable dishes 1.59 (1.08) 2.42 (1.28)a 1.46 (0.94)b 1.26 (0.78)c 
Salad vegetables  1.92 (1.19) 2.97 (1.34)a 1.76 (1.02)b 1.48 (0.80)c 
Dark green and cruciferous 
vegetables 0.99 (0.77) 1.56 (0.90)a 0.95 (0.70)b 0.73 (0.55)c 
Orange vegetables 0.97 (0.63) 1.32 (0.73)a 1.13 (0.66)b 0.76 (0.46)c 
Potato 0.41 (0.37) 0.37 (0.34)a 0.64 (0.47)b 0.34 (0.29)a 
Other vegetables 1.71 (0.98) 2.50 (1.13)a 1.73 (0.90)b 1.33 (0.65)c 
Legumes/beans 0.18 (0.30) 0.35 (0.47)a 0.11 (0.15)b 0.13 (0.19)b 
Fruit 2.60 (1.77) 3.79 (2.05)a 2.41 (1.51)b 2.11 (1.43)c 
Dried fruit 0.23 (0.39) 0.41 (0.57)a 0.19 (0.30)b 0.15 (0.28)b 
Nuts and/or seeds 0.59 (0.76) 1.15 (1.06)b 0.51 (0.64)c 0.37 (0.45)c 
Cereal         
White bread 0.27 (0.57) 0.11 (0.24)a 0.52 (0.88)b 0.25 (0.50)c 
Wholegrain bread 0.72 (0.78) 0.90 (0.88)a 0.95 (0.97)a 0.56 (0.61)b 
Savoury crackers 0.39 (0.48) 0.43 (0.51)a 0.59 (0.67)b 0.30 (0.34)c 
Muesli or porridge 0.41 (0.55) 0.65 (0.72)a 0.31 (0.40)b 0.33 (0.47)b 
Breakfast cereal 0.38 (0.57) 0.37 (0.64)a 0.54 (0.72)b 0.32 (0.45)a 
Rice 0.20 (0.35) 0.29 (0.47)a 0.16 (0.17)b 0.17 (0.32)b 
Pasta 0.16 (0.21) 0.19 (0.20)a 0.18 (0.36)a 0.14 (0.14)b 
Meat         
Red meat 0.66 (0.53) 0.65 (0.56)a 0.92 (0.72)b 0.57 (0.39)c 
Processed or cured meat 0.28 (0.34) 0.26 (0.37)a 0.47 (0.46)b 0.23 (0.22)a 
Poultry 0.28 (0.30) 0.34 (0.39)a 0.34 (0.32)a 0.23 (0.22)b 
Fish and other seafood 0.41 (0.44) 0.68 (0.62)a 0.32 (0.37)b 0.32 (0.27)b 
Fried or battered fish 0.05 (0.16) 0.06 (0.30)a 0.06 (0.08)b 0.04 (0.07)b 
Eggs 0.24 (0.30) 0.33 (0.38)a 0.29 (0.41)a 0.18 (0.18)b 
Dairy         
Flavoured milk drinks 0.07 (0.24) 0.06 (0.23)a 0.10 (0.26)b 0.06 (0.23)a 
Whole Milk 0.10 (0.39) 0.05 (0.23)a 0.16 (0.60)b 0.09 (0.34)a 
Reduced fat milk 0.52 (0.72) 0.61 (0.83)a 0.57 (0.76)b 0.45 (0.63)b 
Cream 0.07 (0.22) 0.07 (0.16)a 0.14 (0.41)b 0.05 (0.12)a 
Ice-cream 0.15 (0.36) 0.12 (0.19)a 0.32 (0.70)b 0.11 (0.19)a 
Yoghurt 0.47 (0.60) 0.76 (0.84)a 0.33 (0.36)b 0.38 (0.48)b 
Cottage or ricotta cheese 0.07 (0.19) 0.17 (0.31)a 0.03 (0.09)b 0.04 (0.11)b 
Cheddar cheese 0.38 (0.40) 0.42 (0.41)a 0.55 (0.55)b 0.30 (0.29)c 
Other         
Water 3.36 (2.08) 4.07 (2.00)a 3.25 (2.02)b 3.08 (2.07)b 
Coffee 1.49 (1.43) 1.47 (1.35) 1.43 (1.54) 1.51 (1.43) 
Tea 2.01 (1.68) 2.08 (1.64)a 2.58 (1.79)b 1.77 (1.60)c 
Fruit or vegetable juice 0.28 (0.48) 0.34 (0.62)a 0.30 (0.47)ab 0.25 (0.40)b 
High-joule drinks 0.23 (0.57) 0.17 (0.45)a 0.46 (0.90)b 0.18 (0.42)a 
Low-joule drink 0.23 (0.65) 0.16 (0.45)a 0.36 (0.91)b 0.21 (0.61)a 
Beer 0.05 (0.31) 0.05 (0.20) 0.04 (0.18) 0.06 (0.38) 
Wine  0.45 (0.74) 0.52 (0.75) 0.46 (0.82) 0.41 (0.71) 
Spirits and liqueurs 0.07 (0.28) 0.07 (0.22)a 0.12 (0.45)b 0.06 (0.21)a 
Cakes, pastries or desserts 0.27 (0.39) 0.22 (0.26)a 0.56 (0.68)b 0.18 (0.21)a 
Sweet biscuits 0.26 (0.47) 0.19 (0.37)a 0.66 (0.77)b 0.15 (0.23)a 
Chocolate or confectionary 0.29 (0.50) 0.28 (0.44)a 0.60 (0.81)b 0.19 (0.28)c 
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4.4.4 Dietary patterns and participant characteristics 
Principal Component Analysis and participant characteristics 
The association of the participant characteristics versus the PCA dietary pattern for 
men are described in detail in Table 4.8. Factor 1 ‘vegetable dishes, fruit, fish and 
poultry’ was associated with country of birth, with men born outside of Australia 
more likely to score higher. The men who scored high on Factor 1 were also more 
likely to live in an urban suburb as opposed to rural, have obtained a higher level 
of education and were more likely to participate in positive health behaviours i.e. 
be a non-smoker and meet physical activity recommendations. 
Factor 2 the ‘spreads, biscuits, cakes and confectionary’ dietary pattern in men was 
associated with country of birth, with men born in Australia more likely to score 
highly on this pattern. Men living in a rural location, who held a healthcare card 
and those not meeting physical activity recommendations were also more likely to 
score high on this pattern.  
Table 4.7: Mean (SD) food consumption frequency per day for women by 
dietary cluster, Wellbeing Eating and Exercise for a Long Life 
study, 20101 (continued) 
 
Overall 
Cluster 1 
Fruit, 
vegetables, 
nuts, legumes 
& fish 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured drinks, 
cakes, pastries & 
confectionary 
Cluster 3 
Small Eaters 
(low mean 
intake 
frequency on 
most items) 
Food groups n=2,071 n=525 (25%) n=409 (20%) n=1,137 (55%) 
Meat pie or sausage rolls 0.03 (0.06) 0.02 (0.06)a 0.06 (0.07)b 0.03 (0.05)a 
Pizza and/or Hamburger 0.05 (0.07) 0.05 (0.07)a 0.07 (0.07)b 0.05 (0.06)a 
Spreads and preserves 0.50 (0.56) 0.52 (0.55)a 0.83 (0.72)b 0.38 (0.43)a 
Potato chips etc 0.05 (0.17) 0.03 (0.08)a 0.12 (0.35)b 0.04 (0.08)a 
Oil and vinegar salad dressing 0.26 (0.32) 0.42 (0.45)a 0.22 (0.24)b 0.20 (0.24)b 
Creamy salad dressing 0.13 (0.21) 0.16 (0.25)a 0.20 (0.29)b 0.08 (0.13)c 
Margarine 0.48 (0.71) 0.34 (0.53)a 0.98 (1.06)b 0.36 (0.52)a 
Butter 0.27 (0.50) 0.25 (0.51)a 0.47 (0.74)b 0.20 (0.35)a 
Hot chips, roast potato or wedges 0.10 (0.15) 0.09 (0.17)a 0.17 (0.21)b 0.08 (0.10)c 
1. All values are mean (SD) unless specified. 
a, b & c Different letter indicates significant difference between clusters tested with ANOVA with bonferroni post hoc; P<0.05. 
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Men with higher scores on Factor 3 ‘red or processed meat, white bread, fried fish 
and hot chips’ were significantly more likely to live in a rural suburb, have a lower 
level of education and were more likely to smoke and not be meeting physical 
activity recommendations. Factor 3 was the only PCA pattern to be associated with 
age, BMI, employment status and home ownership status in men. Younger men, 
those with a high BMI, those working full-time and those renting or paying a 
mortgage, were more likely to have a higher score on this pattern.  
Factor 4 ‘traditional vegetables’ was the only PCA pattern associated with 
relationship status, with men living as married more likely to score high on this 
pattern compared to those separated or never married. Men who also scored highly 
on the ‘traditional vegetables’ pattern were more likely to have been born in 
Australia, live in a rural suburb, have a lower level of education, hold a healthcare 
card and were less likely to be meeting physical activity recommendations. None 
of the male PCA dietary patterns were associated with retirement status.
  
Table 4.8: 
C
haracteristics of m
en across tertiles of principal com
ponent analysis-derived dietary patterns, W
ellbeing Eating and Exercise for a 
Long Life study, 2010 
 
 
Factor 1 
V
egetable dishes, fruit, 
fish &
 poultry 
 
Factor 2 
Spreads, biscuits, 
cakes &
 confectionary 
 
Factor 3 
R
ed or processed 
m
eat, w
hite bread, 
fried fish &
 hot chips 
 
 
Factor 4 
Traditional 
vegetables 
 
 
Tertiles 1 
1
st  
2
nd  
3
rd  
 
1
st  
2
nd  
3
rd  
 
1
st  
2
nd  
3
rd  
 
1
st  
2
nd  
3
rd  
 
 
n 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
ge (%
) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
55-60 years 
1,060 
33.4 
32.9 
33.7 
 
33.0 
34.0 
33.0 
 
30.0 
34.9 
35.1 
* 
34.1 
34.3 
31.7 
 
61-65 years 
828 
33.2 
33.9 
32.9 
 
33.7 
32.6 
33.7 
 
37.6 
31.4 
31.0 
 
32.4 
32.3 
35.4 
 
B
orn in A
ustralia (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
es 
1,482 
35.4 
34.8 
29.9 
** 
30.5 
34.4 
35.2 
** 
33.5 
33.3 
33.1 
 
30.7 
34.7 
34.6 
** 
N
o 
394 
26.2 
27.9 
45.9 
 
43.4 
30.0 
26.7 
 
32.5 
33.5 
34.0 
 
42.6 
28.4 
28.9 
 
U
rban/R
ural (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
rban 
898 
29.6 
32.4 
38.0 
** 
35.2 
35.5 
29.3 
* 
37.0 
33.9 
29.2 
** 
40.7 
31.4 
28.0 
** 
R
ural 
990 
36.7 
34.2 
29.1 
 
31.6 
31.4 
37.0 
 
30.0 
32.9 
37.1 
 
26.7 
35.2 
38.2 
 
Education (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o form
al qualifications and up to year 10 
602 
40.7 
32.4 
26.9 
** 
35.4 
30.9 
33.7 
 
25.1 
32.7 
42.2 
** 
30.7 
32.2 
37.0 
* 
Y
ear 12, trade/apprenticeship or 
certificate/diplom
a 
736 
35.3 
33.8 
30.8 
 
31.1 
35.7 
33.2 
 
30.8 
33.7 
35.5 
 
31.4 
34.9 
33.7 
 
U
niversity degree and higher 
519 
22.5 
33.9 
43.6 
 
33.1 
33.5 
33.3 
 
45.7 
34.1 
20.2 
 
38.3 
33.1 
28.5 
 
Em
ploym
ent status (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
W
orking full-tim
e 
893 
36.0 
32.1 
31.9 
 
33.7 
35.4 
30.9 
 
29.0 
33.7 
37.3 
** 
34.8 
32.5 
32.7 
 
W
orking part-tim
e 
348 
29.9 
37.9 
32.2 
 
33.3 
32.8 
33.9 
 
39.1 
31.9 
29.0 
 
32.2 
37.6 
30.2 
 
N
ot w
orking 
614 
31.1 
32.4 
36.5 
 
31.9 
31.6 
36.5 
 
36.0 
34.0 
30.0 
 
30.9 
32.9 
36.2 
 
H
om
e ow
nership status (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
O
w
ner (no m
ortgage) 
1,261 
31.6  
33.5 
34.9 
 
32.6 
32.8 
34.7 
 
35.3 
34.2 
30.5 
** 
32.7 
33.2 
34.2 
 
Purchaser (paying m
ortgage) 
396 
36.1 
31.1 
32.8 
 
33.3 
36.1 
30.6 
 
25.3 
35.4 
39.4 
 
34.3 
35.6 
30.1 
 
R
enter or boarder 
213 
38.5 
35.2 
26.3 
 
37.6 
31.0 
31.5 
 
35.7 
25.4 
39.0 
 
35.2 
30.1 
34.7 
 
H
old a healthcare card (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
es 
630 
36.0 
32.4 
31.6 
 
32.2 
30.0 
37.8 
* 
30.2 
32.1 
37.8 
* 
35.1 
28.7 
36.2 
* 
N
o 
1,200 
32.3 
33.9 
33.8 
 
33.5 
35.8 
30.8 
 
34.6 
34.2 
31.3 
 
32.3 
35.6 
32.1 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 4.8: 
C
haracteristics of m
en across tertiles of principal com
ponent analysis-derived dietary patterns, W
ellbeing Eating and Exercise for a 
Long Life study, 2010 (continued) 
 
 
Factor 1 
V
egetable dishes, fruit, 
fish &
 poultry 
 
Factor 2 
Spreads, biscuits, 
cakes &
 confectionary 
 
Factor 3 
R
ed or processed 
m
eat, w
hite bread, 
fried fish &
 hot chips 
 
 
Factor 4 
V
egetables 
 
 
Tertiles 1 
1
st 
2
nd 
3
rd 
 
1
st 
2
nd 
3
rd 
 
1
st 
2
nd 
3
rd 
 
1
st 
2
nd 
3
rd 
 
 
n 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
etired (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
es 
563 
31.6 
33.6 
34.8 
 
32.9 
31.4 
35.7 
 
35.7 
34.8 
29.5 
 
31.6 
34.1 
34.3 
 
N
o 
1,280 
34.1 
33.4 
32.5 
 
33.3 
34.1 
32.6 
 
32.5 
32.7 
34.8 
 
34.1 
33.4 
32.5 
 
R
elationship status (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Living as m
arried 
1,537 
32.3 
34.4 
33.4 
 
32.8 
33.7 
33.5 
 
33.3 
33.8 
32.9 
  
31.1 
34.7 
34.2 
** 
Separated, divorced or w
idow
ed 
221 
38.9 
29.9 
31.2 
 
37.6 
30.3 
32.1 
 
31.7 
32.6 
35.8 
 
43.4 
27.6 
29.0 
 
N
ever m
arried 
118 
35.6 
26.3 
38.1 
 
29.7 
35.6 
34.8 
 
39.0 
28.0 
33.1 
 
41.5 
27.1 
31.4 
 
B
M
I category (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
H
ealthy (B
M
I ≥ 18.5 to < 25kg/m
2) 
517 
31.7 
32.9 
35.4 
 
29.8 
35.8 
34.4 
 
41.0 
29.8 
29.2 
** 
32.7 
36.8 
30.6 
 
O
verw
eight (B
M
I ≥ 25 to < 30kg/m
2) 
873 
32.5 
34.3 
33.2 
 
35.1 
32.4 
32.5 
 
33.2 
35.2 
31.6 
 
34.7 
31.5 
33.8 
 
 O
bese (B
M
I ≥ 30kg/m
2) 
444 
35.8 
32.4 
31.8 
 
32.9 
32.2 
34.9 
 
24.8 
35.8 
39.4 
 
31.1 
33.6 
35.4 
 
Sm
oking status (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ever sm
oked 
812 
30.5 
36.0 
34.0 
** 
32.4 
32.0 
35.6 
 
39.3 
32.4 
28.3 
** 
31.5 
34.6 
33.9 
 
Form
er sm
oker 
798 
33.3 
32.5 
34.2 
 
33.5 
33.7 
32.8 
 
33.2 
35.7 
31.1 
 
33.3 
33.7 
33.0 
 
C
urrent sm
oker 
257 
44.0 
28.4 
27.6 
 
35.4 
37.4 
27.2 
 
14.4 
30.0 
55.6 
 
38.1 
28.8 
33.1 
 
M
eeting physical activity guidelines (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
es 
851 
26.3 
35.0 
38.7 
** 
32.7 
36.1 
31.3 
* 
41.5 
33.8 
24.7 
** 
31.3 
36.7 
32.1 
* 
N
o 
957 
40.0 
32.1 
27.9 
 
34.2 
30.5 
35.3 
 
26.5 
32.8 
40.7 
  
35.4 
31.0 
33.5 
  
N
um
ber of cardiom
etabolic-related m
edical 
conditions (%
) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0 
931 
33.1 
32.3 
34.6 
 
31.8 
34.6 
33.6 
* 
34.7 
32.2 
33.1 
 
33.1 
34.8 
32.1 
 
1 
657 
32.9 
34.7 
32.4 
 
33.0 
35.2 
31.8 
 
30.3 
34.7 
35.0 
 
35.0 
31.2 
33.8 
 
2-5 
300 
35.0 
33.7 
33.3 
 
38.7 
25.7 
35.7 
 
35.7 
34.0 
30.3 
 
30.3 
33.7 
36.0 
 
1. Tertiles of dietary patterns are indicated by 1
st, 2
nd and 3
rd, 1
st tertile represents those w
ith the low
est third of dietary pattern score; all tests are C
hi square analysis. 
*   Proportions differed across tertiles of dietary factor score (P<0.05). 
** Proportions differed across tertiles of dietary factor score (P<0.001). 
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Table 4.9 presents the associations between the two female PCA-derived dietary 
patterns and the characteristics of the women. Factor 1 ‘vegetables, fruit and fish’ 
was associated with BMI, education and smoking and physical activity. Women 
with a low BMI or who had achieved a higher level of education were more likely 
to score higher on this pattern. Women who never smoked or were meeting the 
physical activity recommendations were also more likely to score high on the 
‘vegetables, fruit and fish’ pattern. 
Factor 2 ‘cakes, processed meat, hot chips and confectionary’ was associated with 
a number of the participant characteristics. Women born in Australia or living in a 
rural area were more likely to score high on this dietary pattern. Those separated, 
divorced or widowed were more likely to score lower on Factor 2 with women 
living as married more likely to score higher. Women who reported not working or 
being retired were more likely to score highly on this dietary pattern. Similarly 
those with a lower level of education or a healthcare card were likely to score 
higher on factor 2. Number of cardiometabolic-related conditions had a U-shaped 
association with factor 2. Those not meeting the physical activity were more likely 
to score higher. Age, BMI, home ownership, and smoking status were not 
associated with either of the female dietary patterns. 
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Table 4.9: Characteristic of women across tertiles of principal component 
analysis-derived dietary patterns, Wellbeing Eating and Exercise for 
a Long Life study, 2010 
  Factor 1 
Vegetables, fruit, & 
fish 
 Factor 2 
Cakes, processed meat, 
hot chips & 
confectionary 
 
 Tertile1 1st 2nd 3rd  1st 2nd 3rd  
 n         
Age (%)          
55-60 years 1,177 34.6 32.5 33.0  34.4 32.4 33.2  
61-65 years 894 31.7 34.6 33.8  31.8 34.8 33.5  
Born in Australia (%)          
Yes 1,683 33.2 33.7 33.2  31.3 33.9 34.8 ** 
No 386 33.9 31.9 34.2  42.2 31.4 26.4  
Urban/Rural (%)          
Urban 966 29.6 32.4 38.0  38.1 31.4 30.5 ** 
Rural 1,105 33.6 33.0 33.4  29.1 35.2 35.8  
Education (%)          
No formal qualifications and up to 
year 10 
828 37.2 32.6 30.2 * 27.3 33.3 39.4 ** 
Year 12, trade/apprenticeship or 
certificate/diploma 
662 33.2 32.5 34.3  33.2 34.6 32.2  
University degree and higher 546 27.3 35.5 37.2  42.5 32.2 25.3  
Employment status (%)          
Working full-time 410 34.4 31.2 34.4  37.6 35.4 27.1 * 
Working part-time 654 31.0 31.0 34.9  35.3 33.5 31.2  
Not working 971 34.3 33.8 31.9  30.2 33.2 36.7  
Home ownership status (%)          
Owner (no mortgage) 1,437 32.1 33.9 34.0  31.7 34.5 33.8  
Purchaser (paying mortgage) 409 35.0 35.2 29.8  37.4 31.1 31.5  
Renter or boarder 209 39.7 27.3 33.0  36.4 31.6 32.1  
Hold a healthcare card (%)          
Yes 868 35.1 32.3 32.6  30.1 31.0 38.9 ** 
No 1,165 31.5 34.6 33.9  35.4 35.3 29.4  
Retired (%)          
Yes 856 33.9 34.2 31.9  30.3 34.0 35.8 * 
No 1,138 32.5 33.2 34.3  36.0 33.6 30.4  
Relationship status (%)          
Living as married 1,537 32.5 33.8 33.6  30.1 34.3 35.7 ** 
Separated, divorced or widowed 434 35.3 33.0 31.8  45.2 30.7 24.2  
Never married 88 33.4 33.3 33.3  34.1 30.7 35.2  
BMI category (%)          
Healthy (BMI ≥ 18.5 to < 25kg/m2) 876 30.1 33.2 36.6 ** 36.0 33.0 31.1  
Overweight (BMI ≥ 25 to < 
30kg/m2) 
648 33.2 32.3 34.6  33.2 33.8 33.0  
 Obese (BMI ≥ 30kg/m2) 471 38.4 35.7 25.9  28.2 34.6 37.2  
Smoking status (%)          
Never smoked 1,158 28.4 34.6 37.0 ** 31.4 34.0 34.6  
Former smoker 679 36.2 31.5 32.3  36.5 31.4 32.1  
Current smoker 221 48.0 33.0 19.0  33.5 35.8 30.8  
Meeting physical activity 
guidelines (%) 
         
Yes 1,042 27.6 32.3 40.0 ** 36.9 33.3 29.9 ** 
No 952 40.0 35.2 24.8   29.1 33.5 37.4   
Number of cardiometabolic-related 
medical conditions (%) 
         
0 1,140 31.5 34.0 34.5  34.8 33.8 31.4 * 
1 684 36.4 31.3 32.3  32.8 30.7 36.6  
2-5 247 33.2 36.0 30.8  27.5 39.3 33.2  
1. Tertiles of dietary patterns are indicated by 1st, 2nd and 3rd, 1st tertile represents those with the lowest third of dietary 
pattern score; all tests are Chi square analysis. 
*   Proportions differed across tertiles of dietary factor score (P<0.05). 
** Proportions differed across tertiles of dietary factor score (P<0.001). 
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Cluster Analysis and participant characteristics 
Table 4.10 presents association between the characteristics of men and dietary 
clusters. Cluster 1 ‘fruit, vegetables, wholegrains, fish and poultry’ contained men 
with a higher level of education but were less likely to be working full-time than 
those in the other clusters. Men in Cluster 2 ‘red and processed meat, white bread, 
flavoured drinks, cakes, pastries and confectionary’ were more likely to be 
younger, born in Australia and from a rural postcode compared to the other 
clusters. A higher proportion of men in Cluster 2 were classified as obese (BMI ≥ 
30kg/m2) and Cluster 1 had a high proportion of men within the healthy range 
(BMI ≥ 18.5 < 25kg/m2). Cluster 1 ‘fruit, vegetables, wholegrains, fish & poultry’ 
and Cluster 3 ‘small eaters’ were more likely to display positive health behaviours 
(non-smokers and meeting physical activity recommendations) compared to those 
in Cluster 2 ‘red and processed meat, white bread, flavoured drinks, cakes, pastries 
and confectionary’. Home ownership, holding a healthcare card, retirement status, 
relationship status and previous number of diagnosed cardiometabolic-related 
conditions of the men did not differ between clusters. 
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Table 4.10: Characteristics of men according to dietary cluster, Wellbeing 
Eating and Exercise for a Long Life study, 2010 
 
 
 
 
Cluster 1 
Fruit, 
vegetables, nuts, 
legumes, 
wholegrains, 
fish & poultry 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured drinks, 
cakes, pastries & 
confectionary  
Cluster 3 
Small Eaters (low 
mean intake 
frequency on 
most items) 
χ² P-value1 
 n=474 n=343 n=1,071   
Age (%)       
55-60 years 53.2 62.4 55.5 7.4  0.025 
61-65 years 46.8 37.6 44.5   
Born in Australia (%)      
Yes 75.6 83.6 79.0 7.6  0.022 
No 24.4 16.4 21.0   
Urban/Rural (%)      
Urban 47.5 39.9 50.1 10.6  0.005 
Rural 52.5 60.1 50.0   
Education (%)      
No formal qualifications and 
up to year 10 23.3 45.6 32.2 
68.5  <0.001 
Year 12, trade/apprenticeship 
or certificate/diploma 39.3 40.3 39.6 
  
University degree and higher 37.4 14.1 28.2   
Employment status (%)      
Working full-time 41.5 53.6 49.4 15.0  0.005 
Working part-time 19.2 17.8 18.9   
Not working 39.3 28.7 31.7   
Home ownership status (%)      
Owner (no mortgage) 70.8 62.8 67.5 6.2  0.185 
Purchaser (paying mortgage) 19.2 24.9 20.9   
Renter or boarder 10.0 12.3 11.7   
Hold a healthcare card (%)      
Yes 33.2 40.1 33.1 5.8   0.055 
No 66.8 59.9 66.9   
Retired (%)      
Yes 34.1 26.9 30.2 4.9   0.086 
No 66.0 73.1 69.8   
Relationship status (%)      
Living as married (registered 
or de facto) 83.3 78.6 82.4 
5.3  0.258 
Separated, divorced or 
widowed 10.1 13.2 12.1 
  
Never married 6.5 8.2 5.6   
BMI category (%)      
Healthy (BMI ≥ 18.5 to < 
25kg/m2) 31.0 26.8 27.4 
9.8  0.044 
Overweight (BMI ≥ 25 to < 
30kg/m2) 48.1 43.4 48.8 
  
 Obese (BMI ≥ 30kg/m2) 20.9 29.8 23.9   
Smoking status (%)      
Never smoked 47.2 35.3 44.4 42.8  <0.001 
Former smoker 43.4 40.4 43.2   
Current smoker 9.4 24.3 12.3   
Meeting physical activity 
guidelines (%)    
  
Yes 58.0 33.2 46.6 46.4  <0.001 
No 42.0 66.8 53.4   
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The characteristics of women according to their dietary clusters are presented in 
Table 4.11. Women living in rural suburbs were most likely to have been allocated 
into Cluster 2 ‘red and processed meat, white bread, flavoured drinks, cakes, 
pastries and confectionary’. This cluster also contained a higher proportion of 
women who were overweight or obese, while Cluster 1 ‘fruit, vegetables, nuts, 
legumes and fish’ contained a high proportion of women within the healthy weight 
range. Women classified into Cluster 2 ‘red and processed meat, white bread, 
flavoured drinks, cakes, pastries and confectionary’ were most likely to be not 
working or retired, have a lower level of education and hold a healthcare card. 
Women within Cluster 1 ‘fruit, vegetables, nuts, legumes and fish’ were more 
likely to be non-smokers and meet physical activity recommendations. No 
significant differences were found between the female clusters with regard to age, 
country of birth, relationship status, home ownership status or number of 
previously diagnosed cardiometabolic-related conditions.  
Table 4.10: Characteristics of men according to their dietary cluster, Wellbeing 
Eating and Exercise for a Long Life study, 2010 (continued) 
 
 
 
 
Cluster 1 
Fruit, vegetables, 
nuts, legumes, 
wholegrains, fish 
& poultry 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured drinks, 
cakes, pastries & 
confectionary  
Cluster 3 
Small Eaters (low 
mean intake 
frequency on 
most items) 
χ² P-value1 
 n=474 n=343 n=1,071   
Number of 
cardiometabolic-related 
medical conditions (%) 
   
  
0 51.3 51.3 47.8 2.7  0.617 
1 32.7 33.2 36.2   
2-5 16.0 15.5 16.0   
1. Chi-square test of association. 
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Table 4.11: Characteristics of women according to dietary cluster, Wellbeing 
Eating and Exercise for a Long Life study, 2010  
 
 
Cluster 1 
Fruit, 
vegetables, nuts, 
legumes & fish 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured 
drinks, cakes, 
pastries & 
confectionary 
 
Cluster 3 
Small Eaters 
(low mean 
intake 
frequency on 
most items) 
χ² P-value1 
 n=525 n=409 n=1,137   
Age (%)      
55-60 years 58.3 53.8 57.3 2.08  0.354 
61-65 years 41.7 46.2 42.7   
Born in Australia (%)      
Yes 81.3 85.3 79.9  5.82 
0.055 
No 18.7 14.7 20.1   
Urban/Rural (%)      
Urban 47.8 38.4 49.1 14.20  0.001 
Rural 52.2 61.6 50.9   
Education (%)      
No formal qualifications and 
up to year 10 30.0 49.6 42.3 
53.64  <0.001 
Year 12, trade/apprenticeship 
or certificate/diploma 33.3 32.1 32.3 
  
University degree and higher 36.6 18.3 25.4   
Employment status (%)      
Working full-time 21.8 12.7 22.1 28.51   <0.001 
Working part-time 34.2 28.7 32.4   
Not working 44.0 58.6 45.5   
Home ownership status (%)      
Owner (no mortgage) 69.6 72.9 69.0 3.96 0.412 
Purchaser (paying mortgage) 20.9 16.5 20.7   
Renter or boarder 9.5 10.6 10.3   
Hold a healthcare card (%)      
Yes 37.2 54.6 40.9 31.12  <0.001 
No 62.8 45.4 59.1   
Retired (%)      
Yes 39.6 51.3 41.5 14.20 0.001 
No 60.4 48.7 58.5   
Relationship status (%)      
Living as married 76.7 79.1 72.1 9.46   0.051 
Separated, divorced or 
widowed 19.4 17.2 23.2 
  
Never married 3.9 3.7 4.7   
BMI category (%)      
Healthy (BMI ≥ 18.5 to < 
25kg/m2) 48.4 35.4 44.9 
23.94  <0.001 
Overweight (BMI ≥ 25 to < 
30kg/m2) 33.7 36.4 30.5 
  
 Obese (BMI ≥ 30kg/m2) 17.8 28.3 24.6   
Smoking status (%)      
Never smoked 59.4 60.5 53.3 23.59  <0.001 
Former smoker 34.7 27.9 34.0   
Current smoker 5.9 11.5 12.7   
Meeting physical activity 
guidelines (%)    
  
Yes 65.9 44.2 49.1 51.58  <0.001 
No 34.1 55.8 51.0   
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Revised Dietary Guideline Index and participant characteristics 
The mean (standard error (SE)) DGI-2013 scores and the associations with 
participant characteristics are presented in Table 4.12. Men had a lower mean DGI-
2013 score of 81.3 (0.34) compared to women with 89.6 (0.30) (P<0.001). The 
DGI-2013 score was significantly higher in men and women with a healthy BMI 
compared to obese men and women. Men living in an urban area had a higher 
mean DGI-2013 score compared to those in a rural area. Those living as married 
had a higher mean DGI-2013 score compared to those who were separated, 
divorced or widowed. 
Participants with no formal level of qualification had the lowest mean DGI-2013 
scores compared to those with a higher education and those who reported they held 
a concession card had a lower mean DGI-2013 score compared to those who did 
not. Positive health behaviours (never smoking and meeting the physical activity 
guidelines) were associated with a higher DGI-2013 score compared to those 
displaying negative health behaviours. There were no differences in DGI-2013 
Table 4.11: Characteristics of women according to dietary cluster, Wellbeing 
Eating and Exercise for a Long Life study, 2010 (continued) 
 
  
Cluster 1 
Fruit, 
vegetables, nuts, 
legumes & fish 
Cluster 2 
Red and 
processed meat, 
white bread, 
flavoured 
drinks, cakes, 
pastries & 
confectionary 
 
Cluster 3 
Small Eaters 
(low mean 
intake 
frequency on 
most items) 
χ² P-value1 
 n=525 n=409 n=1137   
Number of cardiometabolic-
related medical conditions 
(%) 
   
  
0 59.1 50.9 54.7   8.35  0.080 
1 31.4 34.7 33.2   
2-5 9.5 14.4 12.1   
1. Chi-square test of association.  
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score observed according to country of birth, employment or retirement status, nor 
number of existing medical conditions. 
Table 4.12: Mean (SE) 2013 Dietary Guideline Index score according to 
participant characteristics among adults, Wellbeing Eating and 
Exercise for a Long Life study, 2010 
 Men (n=1,888)  Women (n=2,071) 
 
Mean 
DGI-
2013 
(SE) P-value*  Mean DGI-2013 (SE) P-value
1 
Overall 81.3 (0.34)   89.6 (0.30) <0.001 
Age 55-60 years 80.6 (0.46) 0.016  89.1 (0.40) 0.072 
Age 61-65 years 82.3 (0.50)   90.2 (0.45)  
Born in Australia        
Yes 81.1 (0.34) 0.173  89.5 (0.34) 0.540 
No 82.3 (0.73)   90.0 (0.67)  
Urban/Rural        
Urban 82.9 (0.49) <0.001  89.6 (0.45) 0.904 
Rural 80.0 (0.47)   89.5 (0.41)  
Education        
No formal qualifications and up to 
year 10 78.1 (0.60)
a <0.001  87.3 (0.49)a <0.001 
Year 12, trade/apprenticeship, 
certificate/diploma 80.7 (0.55)
b   89.9 (0.53)b  
University degree and higher 86.1 (0.60)c   92.4 (0.54)c  
Employment status        
Working full-time 80.5 (0.48)a 0.037  90.0 (0.67) 0.229 
Working part-time 82.4 (0.82)b   90.1 (0.54)  
Not working  82.2 (0.60)b   89.0 (0.44)  
Home ownership status        
Owner (no mortgage) 82.6 (0.40)a <0.001  90.1 (0.35)a <0.001 
Purchaser (paying mortgage) 79.1 (0.77)b   89.4 (0.68)a  
Renter or boarder 78.3 (1.11)b   85.9 (1.07)b  
Hold a healthcare card        
Yes 79.6 (0.60)a <0.001  88.3 (0.49)a <0.001 
No 82.0 (0.42)b   90.4 (0.39)b  
Retired        
Yes 82.2 (0.64) 0.157  89.0 (0.47) 0.104 
No 81.1 (0.41)   90.0 (0.41)  
Relationship status        
Living as married 82.2 (0.37)a <0.001  90.0 (0.34)a 0.040 
Separated, divorced or widowed 77.8 (1.13)b   88.4 (0.68)b  
Never married 79.7 (1.40)   87.7 (1.69)  
BMI category        
Healthy (BMI ≥ 18.5 to < 25kg/m2) 82.9 (0.70)a 0.013  90.3 (0.46)a 0.005 
Overweight (BMI ≥ 25 to < 30kg/m2) 81.4 (0.49)   90.3 (0.54)a  
 Obese (BMI ≥ 30kg/m2) 80.1 (0.67)b   87.9 (0.64)b  
Smoking status        
Never smoked 84.0 (0.47)a <0.001  90.8 (0.39)a <0.001 
Former smoker 82.2 (0.51)b   89.5 (0.51)a  
Current smoker 70.4 (0.96)c   83.8 (0.99)b  
Meeting physical activity guidelines        
Yes 84.3 (0.49)a <0.001  92.5 (0.39)a <0.001 
No 78.6 (0.48)b   86.3 (0.46)b  
Number of cardiometabolic-related 
medical conditions        
0 81.5 (0.50) 0.114  90.2 (0.40) 0.078 
1 80.5 (0.57)   88.9 (0.54)  
2-5 82.6 (0.84)   88.6 (0.86)  
1. Statistical significance by participant characteristics (ANOVA or t-test); except age where P-value relates to difference 
between sex. 
a, b & c Different letters indicate were the difference lie according to Sidak post-hoc test. 
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4.4.5 Comparison of dietary pattern methods 
The following section provides a comparison of the dietary patterns derived from 
the three assessment methods, principal component analysis, cluster analysis and a 
diet quality index, in men and women. 
PCA vs. Cluster Analysis 
The factor scores for each of the PCA-derived dietary patterns were standardised 
so that they could be compared across the same scale (Figure 4.2). Men who were 
grouped into Cluster 1 ‘fruit, vegetables, wholegrains, fish and poultry’ scored 
high on Factor 1 ‘vegetable dishes, fruit, fish and poultry’ (mean=0.92: 95% CI 
0.82, 1.02) indicating that there is some similarity between these patterns derived 
by both PCA and cluster analysis. Cluster 1 also shares some similarities with 
Factor 4 ‘traditional vegetables’ (mean=0.74: 95% CI 0.63, 0.84) due to the similar 
main contributing food item (vegetables). Cluster 1 scored lowest on Factor 3 ‘red 
or processed meat, white bread, fried fish and hot chips’ and is therefore most 
different from this factor (mean=-0.43, 95% CI -0.50, -0.35). Correspondingly, 
men within Cluster 2 ‘red and processed meat, white bread, flavoured drinks, 
cakes, pastries and confectionary’ scored highest on Factor 3 ‘red or processed 
meat, white bread, fried fish and hot chips’ (mean=1.24: 95% CI 1.12, 1.36), 
followed by Factor 2 ‘spreads, biscuits, cakes and confectionary’ (mean=0.60: 95% 
CI 0.46, 0.74) and was dissimilar to Factor 1 ‘vegetable dishes, fruit, fish and 
poultry’ (mean=-0.12: 95% CI -0.21, -0.03) and Factor 4 ‘traditional vegetable’ 
(mean=0.14: 95% CI 0.03, 0.25). Men within Cluster 3 ‘small eaters’ had low 
scores on all four of the PCA patterns indicating that this cluster describes a dietary 
pattern that was not shown by PCA. All PCA mean factor scores were significantly 
different across clusters, except for Factor 2 ‘spreads, biscuits, cakes and 
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confectionary’ that did not differ between Cluster 1 ‘fruit, vegetables, wholegrains, 
fish and poultry’ or Cluster 2 ‘red and processed meat, white bread, flavoured 
drinks, cakes, pastries and confectionary’ (P=0.16). 
 
a, b & c  Where letters differ, there is a significant difference in the between-cluster means (Bonferroni method) 
 
Figure 4.2: Mean (95%CI) standarised principal component analysis-derived 
factor scores for each dietary cluster in men, Wellbeing Eating and 
Exercise for a Long Life study, 2010 
 
Figure 4.3 compares the PCA-derived factor scores with the clusters derived in the 
women. Women that were classified into Cluster 1 ‘fruit, vegetables, nuts, legumes 
and fish’ scored the highest on Factor 1 ‘vegetables, fruit and fish’ (mean=1.05: 
95% CI 0.97, 1.14) demonstrating similarity in these dietary patterns, and scored 
lowest on Factor 2 ‘cakes, processed meat, hot chips and confectionary’ (mean=-
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0.14: 95% CI -0.21, -0.07) demonstrating dissimilarity. Similarly, those classified 
into Cluster 2 ‘red and processed meat, white bread, flavoured drinks, cakes, 
pastries and confectionary’ scored highly on Factor 2 ‘cakes, processed meat, hot 
chips and confectionary’ (mean=0.87: 95%CI 0.73, 1.01) and low on Factor 1 
‘vegetables, fruit, and fish’ (mean=-0.10: 95% CI -0.18, -0.03). The women in 
Cluster 3 ‘small eaters’ scored low on both PCA Factor 1 and Factor 2 indicating 
that cluster analysis identified a dietary pattern that was not identified by PCA, 
similar to men. 
a, b & c  Where letters differ, there is a significant difference between cluster means (Bonferroni method) 
 
Figure 4.3: Mean (95%CI) standarised principal component analysis derived-
factor scores for each dietary cluster in women, Wellbeing Eating 
and Exercise for a Long Life study, Time 1 2010 
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DGI-2013 vs. PCA 
Table 4.13 presents the Pearson’s correlation coefficients of the DGI-2013 score 
and PCA factor scores in men and women. Factor 1 ‘vegetable dishes, fruit, fish 
and poultry’ and Factor 4 ‘traditional vegetables’ in men were positively correlated 
with the DGI-2013 score (r=0.40 and r=0.18; P<0.001, respectively). Factor 3 ‘red 
or processed meat, white bread, fried fish and hot chips’ was inversely associated 
with the DGI-2013 (r=-0.51; P<0.001), while Factor 2 ‘spreads, biscuits, cakes and 
confectionary’ had no relationship with the DGI-2013 score (r=-0.003; P=0.90). 
For women, Factor 1 ‘vegetables fruit and fish’ was positively associated with the 
DGI-2013 score (r=0.34; P<0.001), while Factor 2 ‘cakes, processed meat, hot 
chips and confectionary ‘ was inversely associated with the DGI-2013 score (r=-
0.44; P<0.001). 
 
 Table 4.13: Pearson’s correlation coefficient between the 2013 Revised Dietary 
Guideline Index (DGI-2013) score and principal component
 analysis-derived factor scores in men and women, Wellbeing Eating 
and Exercise for a Long Life study, 2010 
 Pearson’s correlation coefficient 
Revised Dietary Guideline Index 
P-Value 
Men   
Factor 1: Vegetable dishes, fruit, fish & poultry 0.40 P<0.001 
Factor 2: Spreads, biscuits, cakes & 
confectionary -0.003 P=0.900 
Factor 3: Red or processed meat, white bread, 
fried fish & hot chips -0.51 P<0.001 
Factor 4: Traditional vegetables 0.18 P<0.001 
Women   
Factor 1: Vegetables, fruit, & fish 0.34 P<0.001 
Factor 2: Cakes, processed meat, hot chips & 
confectionary -0.44 P<0.001 
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Cluster Analysis vs. DGI-2013 
Figure 4.4 compares the mean DGI-2013 scores across dietary clusters in men. 
Men within Cluster 1 ‘fruit, vegetables, wholegrains, fish and poultry’ had the 
highest DGI-2013 score (mean=90.8: 95% CI 89.7, 91.9). Cluster 2 ‘red and 
processed meat, white bread, flavoured drinks, cakes, pastries and confectionary’ 
had the lowest score (mean=70.5: 95% CI 69.2, 71.8) and the mean DGI-2013 
Cluster 3 ‘small eaters’ was in between (mean=80.6: 95% CI 79.8, 81.5). 
 
a, b & c  Where letters differ, there is a significant difference between cluster means (Bonferroni method) 
 
Figure 4.4: Mean (95% CI) 2013 Revised Dietary Guideline Index score (DGI-
2013) score across dietary clusters in men, Wellbeing Eating and 
Exercise for a Long Life study, 2010  
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In women, those within Cluster 1 ‘fruit, vegetables, nuts, legumes and fish’ had the 
highest mean DGI-2013 score (mean=96.3: 95% CI 95.3, 97.4). Cluster 2 ‘red and 
processed meat, white bread, flavoured drinks, cakes, pastries and confectionary’ 
had the lowest DGI-2013 score (mean=81.5: 95% CI 80.7, 82.0), while those in 
Cluster 3 ‘small eaters’ were in the middle (mean=89.32: 95% CI 88.56, 90.09) 
(Figure 4.5). 
a,b & c  Where letters differ, there is a significant difference between cluster means (Bonferroni method) 
 
Figure 4.5: Mean (95% CI) 2013 Revised Dietary Guideline Index (DGI-2013) 
score across dietary clusters in women, Wellbeing Eating and 
Exercise for a Long Life study, Time 1 2010  
Chapter 4: Dietary patterns of older adults 
 
112 
4.5 Discussion 
This cross-sectional study demonstrated comparability between dietary pattern 
methodologies, with two similar patterns identified by both PCA and cluster 
analysis (characterised by vegetables, fruit, fish and poultry in men and vegetables, 
fruit and fish in women vs. red and processed meat and refined grains in men and 
processed meat and refined grain in women). These dietary patterns are consistent 
with those previously described in the literature (Newby & Tucker, 2004), and 
showed appropriate associations with the DGI-2013 and with key 
sociodemographic variables and health behaviours. These results are consistent 
with previous comparison studies among adults (Bamia et al., 2005; Costacou, 
Bamia, Ferrari et al., 2003; Crozier et al., 2006; Cunha et al., 2010; Hearty & 
Gibney, 2009; Newby et al., 2004; Reedy et al., 2010; Smith et al., 2011; Stricker, 
Onland-Moret, Boer et al., 2013) and older adults (Bamia et al., 2005; Markussen 
et al., 2016), however this study is the first to explore dietary patterns in this 
specific transitional life stage among Australian adults. 
For men, being assigned to Cluster 1 ‘fruit, vegetables, wholegrains, fish and 
poultry’ was significantly associated with a high score on the corresponding PCA 
Factor 1 ‘vegetable dishes, fruit, fish and poultry’ and higher diet quality score. A 
similar dietary pattern was identified in women and is consistent to the previously 
described ‘healthy’ or ‘prudent’ dietary patterns characterised by consumption of 
recommend foods (Newby & Tucker, 2004). In contrast, men within Cluster 2 ‘red 
and processed meat, white bread, flavoured drinks, cakes, pastries and 
confectionary’ had a high factor score for Factor 3 ‘red or processed meat, white 
bread, fried fish and hot chips’ and were likely to have a lower diet quality score. 
This pattern was similar in women and has similar characteristics to the previously 
Chapter 4: Dietary patterns of older adults 
 
113 
described dietary pattern called the ‘western’ or ‘unhealthy’ pattern (Newby & 
Tucker, 2004), characterised by consumption of undesirable foods such as 
processed meat, red meat, refined cereals, high-joule drinks and fried food for 
example. 
Although this study demonstrated consistencies in the identified dietary patterns, 
some differences were also acknowledged in the outcome from each method. 
Using PCA, more dietary patterns were identified in men (4) than women (2), 
perhaps indicating greater variation in dietary intake in men than women of this 
age group. Few studies have explored PCA dietary pattern outcomes separately by 
gender from the same sample (Maruyama, Iso, Date et al., 2013; McNaughton, 
Mishra, Stephen, & Wadsworth, 2007). Studies on diet diversity have found mixed 
results with no difference in variety found (Kant, Schatzkin, Harris, Ziegler, & 
Block, 1993) and women having greater variety (Drewnowski, Henderson, Shore 
et al., 1996; Xu, Qiao, Huang et al., 2016). It is unclear how gender is related to 
diet variety in the current literature. The PCA-derived Factor 2 ‘spreads, biscuits, 
cakes and confectionary’ was identified in men, however a corresponding pattern 
was not evident in cluster analysis. This pattern was not associated with diet 
quality and there was no difference in the mean factor scores between clusters, 
suggesting that all men shared these snacking-type dietary characteristics of Factor 
2. 
In both men and women, the largest cluster identified (small eaters) was 
characterised by low consumption frequencies for almost all food groups relative 
to the other clusters and it contained no dominating food groups. No equivalent 
pattern was identified in PCA analysis, perhaps as PCA is driven by correlations 
between input variables (food frequency) rather than the absolute input values. A 
Chapter 4: Dietary patterns of older adults 
 
114 
similar dominating small eaters pattern has been described in other studies among 
older adults aged 65 years and over (Correa Leite, Nicolosi, Cristina et al., 2003a; 
Correa Leite, Nicolosi, Cristina et al., 2003b; Samieri, Jutand, Feart et al., 2008) 
and in adults aged 18 to 64 years (Hearty & Gibney, 2009). While it has been 
suggested in other studies that those in the small eaters cluster might be at risk of 
malnutrition (Correa Leite et al., 2003b), there is no evidence that the small eaters 
in the current study are at risk of malnutrition. The small eaters cluster’s mean 
BMI was 27.7kg/m2 in men and 26.9kg/m2 in women and only 0.3% were 
considered underweight (BMI<18kg/m2). It is possible that this cluster reflects 
under-reporting, although poorly completed questionnaires were excluded prior to 
analysis. Furthermore, with respect to under-reporting we would have expected to 
observe low consumption frequencies for ‘unhealthy’ food groups (e.g., red meat, 
processed red meat, refined grain) and relatively high consumption frequencies for 
‘healthy’ food groups (e.g., fruits, vegetables, fish), which may result particularly 
from social desirability bias. However, this was not the case in our study. It is also 
possible that those within the small eater cluster were consuming larger portions 
but still less frequently than the other clusters. Unfortunately, portion size was not 
measured in this study, so we cannot investigate the plausibility of this hypothesis. 
Another possibility is that those in the small eaters cluster have an increased diet 
variety, consuming low frequencies of many food groups; therefore we explored 
the individual component scores of the DGI-2013 across clusters (Appendix H). 
This found that the small eaters cluster did not demonstrated a higher diet variety, 
however they did demonstrate higher compliance with the guidelines overall 
compared to those in the ‘unhealthy’ cluster, Cluster 2, indicating a better diet. The 
small eaters cluster was achieving a higher DGI-2013 score than those in Cluster 2 
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because they were more likely to be practising recommended behaviours including 
limiting discretionary food, limiting saturated fat (men only), moderating 
unsaturated fat, limiting salt (men only), limiting sugar and limiting alcohol (men 
only). We explored the weight loss intentions in the data, however it was not 
evident that the small eaters were more likely to be actively trying to lose weight.  
Each dietary pattern method has individual strengths and weaknesses. Although 
cluster analysis is good at identifying sub-populations with similar characteristics, 
it may not always be optimal for looking at the relationship between dietary 
patterns and health outcomes. The statistical power is limited by the need to use a 
reference category (Wirfalt et al., 2013) and the uneven cluster sizes of the clusters 
identified in this study limit the power for future analyses. Furthermore, the limited 
interpretability of these clusters makes it difficult to translate results into practice. 
In addition, the continuous nature of the PCA factors is advantageous, since they 
can be assessed as a continuous variable within a regression model and appear 
more useful in future analyses in the sample. Similarly, the DGI-2013 score is a 
continuous score and is more easily interpretable than the empirical-based patterns. 
Our results demonstrate associations with participant characteristics consistent 
with the current literature. Previous studies in older adult populations (55y+) have 
found that vegetable-based diets and those consistent with dietary guidelines are 
associated with being female, a younger age, a higher level of education, physical 
activity, a higher BMI and not smoking compared to a meat and processed food-
type diet less consistent with dietary recommendations (Bamia et al., 2005; Hsiao 
et al., 2013). Dietary patterns of this nature have also been associated with 
increased nutritional status, quality of life and decreased mortality in older adults 
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(Anderson et al., 2011; Harriss, English, Powles et al., 2007; Kant et al., 2004; 
Milte et al., 2015; Russell et al., 2013). 
Due to the small age range (55-65y) we did not expect to find significant 
relationships between age and dietary patterns. However, we did show that the 
younger men were more likely to have dietary patterns characterised by red meat, 
processed meat and refined grains. There are mixed results regarding age and 
dietary patterns (Bamia et al., 2005; Costacou et al., 2003), and confounding 
factors such as cultural and social factors may influence the differences in dietary 
patterns across age between studies. 
We showed that men and women with dietary patterns characterised by red meat, 
processed meat and refined grains and with a poorer diet quality were more likely 
to be overweight and obese compared to those whose dietary patterns consisted of 
high fruit and vegetables and a higher diet quality consistent with previous results 
(Arabshahi et al., 2012). However, associations between BMI and dietary pattern 
have been inconsistent across studies (Hsiao, Jensen, Hartman et al., 2011; Newby 
& Tucker, 2004; Togo, Osler, Sorensen, & Heitmann, 2001). The disparities in 
results may be a result of the heterogeneous samples characteristics, limitations in 
dietary pattern measures and the limited ability to determine causality in 
observational studies. 
Our results show a significant association between PCA dietary patterns and 
relationship status, a measure of social environment. Women who were married 
were more likely to have a dietary pattern characterised by processed meat, hot 
chips cakes and confectionery compared to those who were separated, while 
married men were more likely to score high on the vegetable pattern compared to 
those separated, while being married was associated with higher overall diet 
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quality compared to being separated or single. Relationship status was not 
associated with clusters. There is limited research available around marital status 
and dietary patterns (Elisabet WirfÄLt & Jeffery, 1997). Previous evidence 
suggests that those living solitary are more likely to have poorer dietary patterns 
(Billson, Pryer, & Nichols, 1999; Deierlein et al., 2014; Hanna & Collins, 2015) 
especially in men (Davis, Randall, Forthofer, Lee, & Margen, 1985). However, in a 
longitudinal study improvements in dietary behaviours over 21 years in women 
were demonstrated whether they remained married or became single (Haapala, 
Prattala, Patja et al., 2012). Studies have demonstrated changes in food-related 
behaviours in couples that transition into living together such as consuming more 
‘proper meals’ and alcohol (Anderson, Marshall, & Lea, 2004; Kremmer, 
Anderson, & Marshall, 1998). Further to this, an increase in body weight has been 
reported in couples that have been living together for three months compared to 
three months prior to living together (Anderson et al., 2004). The barriers to 
healthy eating may differ by sex, which is important to acknowledge in public 
health initiatives. Further research in this area is required as older adults living 
alone may negatively affect diet contributing to poor health outcomes in these 
individuals (Hanna & Collins, 2015). 
Retirement status was a significant covariate of dietary patterns for women, but 
was not important in men. Women who were retired were more likely to have 
dietary patterns characterised by red and processed meat and refined grains, 
compared to their non-retired counterparts whose dietary patterns were likely to be 
characterised by fruit, vegetables and fish. However, our results are at odds with a 
previous longitudinal study that found retired women tended to improve dietary 
patterns post retirement (Helldan et al., 2012). A review of the evidence on 
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changes in lifestyle behaviours during the transition to retirement concluded that 
both positive and negative changes occur dependent on the personal circumstances 
of the retiree (Zantinge, van den Berg, Smit, & Picavet, 2014), but there is not 
enough evidence to draw any conclusions on changes in dietary habits (Zantinge et 
al., 2014). A prospective study compared nutritional patterns 6 months before 
retirement and 18 months after retirement and found that nutrient consumption did 
not change after retirement however, there were changes in food-related 
behaviours such a taking more time for breakfast and lunch, eating out more and 
having guests for meals more frequently (Lauque, Nourashemi, Soleilhavoup et al., 
1998). These social changes among other factors such as presence or absence of 
illness may play a role in influencing dietary pattern among retirees. We did not 
find any association between diet quality and retirement status in men or women. 
Lower levels of education, a measure of SEP, were associated with poorer dietary 
patterns in this study, consistent with previous research in Australian adults 
(Arabshahi et al., 2012; Backholer et al., 2016; McNaughton et al., 2008; Mishra et 
al., 2002; Robinson, Crozier, Borland et al., 2004; Thornton, Pearce, & Ball, 
2014). Unfortunately, in the current study, substantial missing data on income 
(16%) restricted further investigation of SEP. The relationship between SEP and 
diet is complex and the drivers of this relationship are not fully understood. A 
review on SEP and diet quality highlights that most studies focus on lack of 
knowledge, cooking skills and motivation, in those with lower levels of education 
accounting for poorer dietary intakes (Darmon & Drewnowski, 2008). However, 
there is little evidence to confirm these theories since the relationship between SEP 
and dietary intake is multifactorial (Darmon & Drewnowski, 2008). Missing data 
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are a common occurrence with relation to sensitive information such as income 
(Davern, Rodin, Beebe, & Call, 2005). 
Poor diet, smoking and low physical activity are key independent risk factors for 
chronic diseases (Australian Institute of Health and Welfare, 2014a; Ezzati & 
Riboli, 2013; Kant, 2004). Consistent with previous studies, those with poorer 
dietary patterns (characterised by red and processed meat and refined grains as 
opposed to fruit and vegetables) were more likely to be smokers and have lower 
levels of physical activity (McNaughton et al., 2008; Robinson et al., 2004; 
Stricker et al., 2013). This may identify a group of at risk older adults who 
demonstrate a cluster of poor health behaviours. 
Strengths and Limitations 
No causal relationships could be determined due to the cross-sectional design of 
this study and the study relied on self-reported measures, which may result in 
measurement error, for example height, weight and BMI. However, self-reported 
height and weight has previously been shown to be a valid estimate of BMI in 
large epidemiological studies (Burton et al., 2010; McAdams et al., 2007; 
Rowland, 1990).  
Both empirical-based dietary pattern and theoretical techniques have inherent 
limitations and considerations for dietary pattern analysis. Several researcher-
determined decisions are required such as determining the index components and 
scoring methods, the collapsing and format of input variable, the number of 
derived empirical patterns and assigning labels to patterns for example (Devlin et 
al., 2012; Newby & Tucker, 2004; Waijers et al., 2007). An example is the 
decision for how many input variables will be included in analysis, as this can 
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influence the percentage of variance explained by factors determined by PCA 
(McCann et al., 2001). It is common to see low amounts of variance explained by 
the derived PCA dietary patterns (Bedard, Garcia-Aymerich, Sanchez et al., 2015). 
In this study the variance explained by the identified factors ranged from 14% to 
23%. Previous dietary pattern studies have been able to explain a range of total 
variance from 15% to 93% (Newby & Tucker, 2004) and specifically in 50+ year 
olds a range of 20 to 35% (Bamia et al., 2005; Reedy et al., 2010; Stricker et al., 
2013). The lower variance explained in the current study may be a result of the 
large number of input variables (n=52). When a larger number of items are 
included in PCA, the percentage of variance explained by the identified factors 
decreases (McCann et al., 2001). Regardless of the number of input variables used, 
similar patterns can still be obtained (McCann et al., 2001). 
In the current study, steps were taken to reduce subjectivity. For example, the FFQ 
foods were grouped based on approaches used in previous literature and consistent 
with the Australian Dietary Guidelines (National Health and Medical Research 
Council, 2013b). Established criteria and best practice were used to determine the 
dietary patterns and objective criteria were used to compare the dietary patterns 
between men and women in PCA. The use of FFQs are known to be susceptible to 
measurement error of dietary intake, however other methods such as food records 
or 24-hour recalls would have substantially increased subject burden. The FFQ 
used in this study has previously been used to assess dietary patterns and 
behaviours, demonstrating that it is a valid predictor of health outcomes and 
suggesting it has predictive validity (McNaughton et al., 2008; Milte et al., 2015; 
Smith, Gall, et al., 2010; Smith et al., 2014). 
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A limitation of the FFQ used is that it did not measure portion sizes and assumes 
that each eating occasion was a standard serve of the food or food group. This is a 
limitation of the dietary pattern methodologies used. Further to this, energy intake 
could not be estimated (Jakes, Day, Luben et al., 2004) and input variables for 
dietary pattern analysis could not be adjusted for energy intake nor could under-
reporters be identified. However, non energy-adjusted frequency is more sensitive 
to the intake of important low-energy foods such as fruit and vegetables (Bailey, 
Gutschall, Mitchell et al., 2006; Newby et al., 2004; Ocke, 2013) and previous 
research has questioned the need for energy adjustment (Bailey et al., 2006; 
Balder, Virtanen, Brants et al., 2003; Northstone, Ness, Emmett, & Rogers, 2008). 
There is conflicting evidence regarding best practice and adjusting for energy may 
have different implications for different dietary pattern assessment techniques 
(Hearty & Gibney, 2009). 
Strengths of this study include the population-based design of the WELL study, the 
focus on older adults and the comparison of different methods. Although the 
response rate was modest (38%), the sampling technique resulted in a sample with 
characteristics consistent with both state (Department of Health and Human 
Services, 2012) and national data (Australian Bureau of Statistics, 2011b; 
Australian Bureau of Statistics, 2014b) (detailed in Section 3.5). Furthermore, the 
specific age range of 55-65 years captures an understudied population during a 
transitional life stage and the comparative nature of this study adds to the limited 
research in this area. The comparative nature of this study adds to the limited 
research in this area. Of the studies that have compared PCA and cluster analysis, 
they have concluded that although the dietary assessment methods are different, 
the dietary patterns identified often have similar qualities including a fruit and 
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vegetable dominant pattern vs. a red and processed meat and refined grain pattern 
(Wirfalt et al., 2013). In order to enhance the understanding of the dietary patterns 
identified in this study population, validation against health outcomes or clinical 
markers of disease would be advantageous (Wirfalt et al., 2013). 
4.6 Conclusion 
This chapter outlines the methods and results of the exploration of dietary patterns 
among older adults. Both PCA and cluster analysis identified two key dietary 
patterns in peri-retirement aged men and women. Overall, PCA identified dietary 
patterns that were more interpretable than cluster analysis. An existing theoretical-
based measure of diet quality, the Dietary Guideline Index was revised to assess 
diet quality in this study. Diet quality was positively associated with the empirical 
patterns characterised by fruit and vegetable consumption and inversely associated 
with the patterns characterised by consumption of red and processed meat and 
refined grains. Dietary patterns were examined in relation to key participant 
characteristics. This study showed that those with poor diets tend to also display 
negative health behaviours including smoking and not meeting physical activity 
recommendations, initiatives targeting these collective health behaviours, which 
are risk factors for chronic disease, may help to improve the health of older adults. 
Comparison of research methodologies is useful for when researchers choose 
appropriate methods in their research. Understanding the dietary patterns of 55-65 
year olds will aid future public health nutrition interventions. However, how 
dietary patterns track throughout peri-retirement is not well understood. The 
following chapter will explore changes in dietary patterns across peri-retirement in 
Australian men and women. 
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Chapter 5: Longitudinal changes in the 
dietary patterns of older adults 
5.1 Introduction 
The previous chapter described and compared the dietary patterns of older adults 
determined using PCA, cluster analysis and the 2013 revised Dietary Guidelines 
Index in a cross-sectional study. It explored these dietary patterns in relation to key 
participant characteristics including sociodemographic, anthropometry and other 
health-related behaviours and characteristics. Many epidemiological studies assess 
dietary patterns at just one time point to represent typical or long-term dietary 
patterns. However, dietary patterns may change over time. Few studies have 
explored changes in dietary patterns among adults (Dekker et al., 2013; Fung et al., 
2007; Harrington et al., 2014; Lee et al., 2007; Mishra et al., 2006; Newby, 
Weismayer, Akesson, Tucker, & Wolk, 2006; Prevost et al., 1997; Shatenstein et 
al., 2015), with only one study of Australian adults (Arabshahi et al., 2011). These 
studies found an overall improvement in dietary behaviours and patterns over time. 
Limited studies have the explored predictors of changes or stability of dietary 
patterns throughout the peri-retirement life-stage. Higher occupation level in men, 
and low to medium levels of physical activity in men and women were 
independently associated with improved diet quality over the 15-year follow-up of 
Australian adults (aged 25 to 75 years) (Arabshahi et al., 2011). In older adults 
(aged 50 to 69 years), education was a predictor of dietary patterns change in an 
Irish cohort (Harrington et al., 2014). Those with a higher level of education were 
Chapter 5: Longitudinal changes in dietary patterns 
124 
more likely to have remained stable in the healthy latent class or transitioned from 
the western to the healthy class, while those with a low level of education were 
more likely to have remained in the western class (Harrington et al., 2014). 
Predictors of change in dietary pattern are not well understood across the peri-
retirement life stage and the WELL study provides a good opportunity to extend 
research into this area using longitudinal data. Understanding what factors predict 
changes in dietary patterns is important to inform future research and public health 
interventions. 
5.2 Aim 
The aims of this chapter are to identify the changes in dietary patterns determined 
by PCA, cluster analysis and the 2013 Revised Dietary Guideline Index (DGI-
2013) among peri-retirement aged older adults over a four-year period, and to 
examine potential predictors of dietary pattern change. 
5.3 Methodology 
This analysis is based on data from participants involved in the WELL study at all 
three time points: 2010, 2012 and 2014 with complete dietary intake data (n=1,005 
men and 1,106 women). The participants and recruitment methods have been 
described previously (Section 3.3.1). The dietary pattern assessment methods used 
in this study were described in detail in Chapter 4 and will be briefly summarised 
here. 
Chapter 5: Longitudinal changes in dietary patterns 
125 
5.3.1 Measures 
Dietary intake 
Dietary intake was assessed at each time point using an 111-item FFQ, which 
assessed diet in the previous 6 months and discussed in Section 3.3.2 and several 
additional food and dietary behaviour questions (Section 3.3.2). The dietary data 
were prepared for analysis in the same way as discussed in chapter 4 (Section 
4.3.1). In short, the FFQ data were converted to daily intake equivalents and the 
items were aggregated into 52 food groups (Table 4.2) in line with the Australian 
Dietary Guidelines (National Health and Medical Research Council, 2013b) and 
used to determine dietary patterns using empirical dietary assessment methods at 
each time point. 
Predictors of change and covariates 
Data were collected on potential predictors of change in dietary patterns in the 
baseline (2010), time two (2012) and time three (2014) WELL questionnaires, 
including; sociodemographic characteristics (sex, education, retirement status and 
relationship status) and health-related behaviours and characteristics (weight loss 
intentions, smoking status, physical activity and diagnosed cardiometabolic-related 
condition). These measures have been discussed previously (Section 3.3.2). Self-
reported doctors’ diagnoses of CVD or diabetes-related medical conditions were 
recorded during 2010, 2012 and 2014. As there were few participants who were 
diagnosed with any of these conditions after 2010, the data from all time points 
were converted into dichotomous variables; indicating whether they had ever been 
diagnosed with a CVD-related condition (stroke, blood clot, high blood pressure, 
heart disease) and whether they had ever been diagnosed with a diabetes-related 
condition (diabetes or impaired glucose tolerance). Retirement status was coded as 
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either retired at baseline or not retired. Relationship status was collapsed into three 
categories (living as married, separated or never married). Weight loss intentions 
were categorised into three categories (trying to avoid gaining weight, trying to 
lose weight or not trying anything together with trying to gain weight since <1% of 
participants reported trying to gain weight). A collapsed smoking status variable 
was used (current smoker, former smoker or never smoked). 
Age has been previously found to be a predictor of diet (Kant, 2004) and change in 
diet (Arabshahi et al., 2011; Prevost et al., 1997), however, given the narrow age 
range in the WELL study, it was not explored as a predictor. As age may be a 
covariate for the other predictors (such as retirement and cardiometabolic-related 
conditions) analysis of these variables was adjusted for age. BMI was included as a 
covariate in this analysis and smoking and physical activity were adjusted for all 
other predictors given potential association with diet. 
Dietary patterns assessment using Principal Component Analysis 
Dietary patterns using PCA were determined separately at each time-point for men 
and women (Sections 4.3.2) to ascertain if the overall dietary patterns remained 
stable or changed over time. In brief, for PCA, the 52 food groups in the form of 
daily equivalents were entered into the PCA procedure using the software Stata 
(StataCorp, version 12.1), separately for men and women and at each time point. 
The number of outcome factors was determined based on eigenvalues > 0.1, the 
break in the screeplot and the interpretability of dietary patterns (Fransen et al., 
2014). The complete list of factor loadings for the patterns identified were 
qualitatively compared between time points and quantitatively compared using 
Tucker’s coefficient of congruence (Lorenzo-Seva & ten Berge, 2006) to 
determine the similarity between the dietary patterns identified at each time. 
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Only the factors (dietary patterns) that appeared in all three-time points 
(determined by qualitatively and quantitatively similarity) were further 
investigated. Factor scores were calculated for the retained dietary pattern based on 
the 2010 factor loadings to ensure that the factor loading was a constant measure 
across time to allow assessment of change in score (Mishra et al., 2006; Northstone 
& Emmett, 2008; Prevost et al., 1997). 
Dietary patterns assessment using Cluster Analysis 
K-means cluster analysis was employed to determine dietary clusters separately for 
men and women and at each time point (Section 4.3.3). Briefly, the 52 food groups 
in the form of daily equivalents were entered into the Wards hierarchical clustering 
method to help determine the number of clusters identified, following this, they 
were entered into the K-means procedure using the software Stata. The cluster 
solutions of 2 to 8 clusters were run (Newby et al., 2004) and the most suitable 
outcomes were determined using recommended stopping rules; Duda–Hart (Duda 
& Hart, 1973) and Calinski–Harabasz (Calinski, 1968) followed by assessing the 
interpretability of clusters. Qualitative comparisons of the food group frequencies 
characteristic of each cluster were explored to determine similarity of clusters 
across time and a quantitative measure was used to identify stability of the 
identified clusters over time (Kappa coefficient (Landis & Koch, 1977)). 
Dietary patterns assessment using a Diet Quality Index 
The 2013 Revised Dietary Guideline Index (DGI-2013) based on the 2013 
Australian Dietary Guidelines (National Health and Medical Research Council, 
2013b) was calculated and used to assess diet quality of participants at each time 
point (Section 4.3.4). The total score ranged from 0 to 130, with 13 components 
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each worth 0 to 10 to make up the total score. A higher score indicated better 
compliance to the dietary guidelines and therefore a higher diet quality. 
5.3.2 Statistical analysis 
Those with complete dietary data at each time (≥ 90% FFQ data and all additional 
food intake and behaviour questions and date of birth) were included in the dietary 
pattern assessment in order to maintain the maximum sample size (2010: n=1,888 
men and 2,071 women; 2012: n=1,269 men and 1,428 women; 2014: n=1,183 men 
and 1,309 women). The analytical sample used to explore predictors of change in 
dietary patterns included those with complete dietary intake data and complete data 
for predictors and covariates for all time points. A total of 1,005 men and 1,106 
women were included. 
Assessing change in dietary patterns 
Mixed-effect multi-linear regression with robust standard errors was used to assess 
change in the PCA and DGI-2013 continuous scores across 2010 to 2014. This 
method recognises the relationship between successive observations while 
accounting for the individuals’ random effects, suitable in longitudinal analyses 
(Fitzmaurice, Laird, & Ware, 2011). An alternative approach, repeated measure 
ANOVA, compares average response trends but does not provide information 
about how individuals change over time and was therefore not applied 
(Fitzmaurice et al., 2011). Robust standard errors were determined by adjusting for 
the sampling postcodes since participants were recruited according to their 
residential postcode (Section 3.3.1). The identified dietary clusters determined by 
cluster analysis were qualitatively compared across time points and quantitatively 
compared using the Kappa coefficient where appropriate (Landis & Koch, 1977). 
To use changes in dietary clusters as an outcome variable, a new variable was 
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created to reflect cluster stability or transition between 2010 and 2014 according to 
the resulting clusters across time. 
Assessing predictors of change in dietary patterns 
Multiple linear regression with robust standard errors was used to assess the 
relationship between the predictors and change in the PCA dietary pattern scores 
and the change in DGI-2013 score. Robust standard errors were determined by 
adjusting for the sampling postcodes. The change in dietary pattern scores was 
achieved by using the 2014 score as the outcome adjusting for the baseline (2010) 
score. This is the recommended method in behavioural science to overcome 
measurement errors in the study of change (Cohen J & Cohen P, 1983). Analysis 
of the base model was conducted followed by a model adjusting for age, BMI, 
smoking and physical activity where appropriate. Multinomial logistic regression 
was used to describe the association between cluster stability and the predictors. 
Statistical significance was defined as P<0.05. 
5.4 Results 
The following results section describes the sample characteristics of WELL 
participants included in the analysis of dietary change. The empirical dietary 
patterns derived of the WELL study in 2010, 2012 and 2014 are described 
followed by a comparison of the identified patterns at each time point. Lastly 
potential predictors of dietary change are explored to examine their relationship 
with change in dietary patterns over four years in the peri-retirement aged adults.  
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5.4.1 Participant characteristics 
A total of 1,005 men and 1,106 women had complete data at all three time points. 
Variables that may have changed were explored over time using descriptive 
statistics (retirement status, relationship status weight loss intentions, smoking, 
physical activity and diagnosed cardiometabolic-related conditions; data not 
shown). Between 2010 and 2014 very few participants became retired (1.8% of 
men and 3.5% of women) or changed relationship status (2.7% and 3.3% of men 
and women became single and 1.8% and 0.8% of men and women got married). 
The majority of men and women (60% and 55%) remained in their baseline weight 
loss intention category, few stopped smoking (2.6%) and 70% of men and women 
remained stable meeting or not meeting the physical activity recommendations. 
Therefore, baseline responses were used in subsequent analyses. 
Over half the sample reported they had been diagnosed with a cardiometabolic-
related condition by 2014. This included 49% of men and 45% of women 
diagnosed before 2010 and 13% and 11% of men and women diagnosed within the 
study’s four-year follow-up. Therefore, categories of the variable across time were 
collapsed into; diagnosed with a cardiometabolic-related condition prior to 2010, 
newly diagnosed within 2010-2014 or no cardiometabolic-related condition. The 
participant characteristics of those included in the analysis of predictors of change 
and differences by sex are outlined in Table 5.1.  
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Table 5.1: Characteristics of the men and women from the Wellbeing Eating 
and Exercise for a Long Life study1 
Participant characteristics Men (n=1,005) Women (n=1,106) P-Value 
Age (Mean  ± SD years) 60 ± 3 60 ± 3.1 0.595 
DGI-2013 (Mean  ± SD score) 82 ± 14 90 ± 14 <0.001 
Body Mass Index (BMI) (Mean  ± SD kg/m2) 27.4 ± 4.6 26.7 ± 5.3 0.002 
Education (%)    
No formal qualifications and up to year 10 29 36 <0.001 
Year 12, trade/apprenticeship or certificate/diploma 39 32  
University degree and higher 32 32  
Retired (%)    
Retired 33 45 <0.001 
Not retired 67 55  
Relationship status (%)    
Living as married 85 77 <0.001 
Separated, divorced or widowed 10 19  
Never married 5 4  
Weight loss intentions (%)    
Not trying anything for my weight 48 34 <0.001 
Trying to avoid gaining weight 26 32  
Trying to lose weight  26 34  
BMI category (%)    
Healthy (BMI ≥ 18.5 to < 25kg/m2) 31 46 <0.001 
Overweight (BMI ≥ 25 to < 30kg/m2) 47 32  
 Obese (BMI ≥ 30kg/m2) 22 22  
Smoking status (%)    
Never smoked 46 58 <0.001 
Former smoker 43 34  
Current smoker 11 8  
Meeting physical activity guidelines (%)    
Yes 52 57 0.018 
No 48 43  
Diagnosis of CM-related condition (%)    
No CM-related conditions 38 44 0.013 
Diagnosed with one or more prior to 2010 49 45  
Newly diagnosed with one or more within 2010-2014 13 11  
1. Participants who provided complete data for all three-time points. Baseline characteristics unless otherwise indicated. 
Abbreviations: CM- cardiometabolic; BMI- Body Mass Index; SD- Standard Deviation. 
 
 
5.4.2 Dietary patterns over time using Principal Component Analysis 
In 2010, there were four dietary patterns identified by PCA in men (Chapter 4, 
Section 4.4.2). These explained a total of 22.8% of the variance. Four dietary 
patterns were identified in 2012 (Factor 1 characterised by processed foods, 
sweets, white bread and vegetable dishes, Factor 2 characterised by vegetables, 
rice, pasta, fish and wine, Factor 3 characterised by vegetables only and Factor 4 
characterised by whole grains, reduced fat milk, nuts seeds and fruit) explaining 
7.0%, 5.7%, 5.3% and 5.1% of variance (23.1% in total). Two patterns were 
identified in 2014 (Factor 1 characterised by vegetables, fruit, fish and nuts and 
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seeds and Factor 2 characterised by processed foods), which explained 7.8% and 
6.6% of variance (14.4% in total). A summary of the key food groups that make up 
the identified dietary patterns at each time point is presented in Table 5.2 and a 
complete list of factor loadings is included in Appendix F. 
Tucker’s coefficient of congruence indicated that the dietary patterns identified in 
2012 in men had fair to good similarity (coefficient of congruence range=0.93 to 
0.96) with those identified in 2010 (Appendix I). The two factors identified in 2014 
were qualitatively similar to baseline factors (i.e. many similar food groups were 
present, see Table 5.2), however, according to the coefficient of congruence the 
factor loadings were not equal (coefficient of congruence=0.66 and 0.72, 
respectively). 
 
  
Table 5.2: 
Food groups w
ith factor loadings (| 0.2|) for dietary pattern derived by principal com
ponent analysis at three tim
e points in m
en of 
the W
ellbeing Eating and Exercise for a Long Life Study
1 
Factor 1 2010 
Factor 2 2010 
Factor 3 2010 
Factor 4 2010 
Eigenvalue 
4.39 
 
Eigenvalue 
3.22 
 
Eigenvalue 
2.22 
 
Eigenvalue 
2.01 
V
ariance explained 
5.8%
 
 
V
ariance explained 
5.7%
 
 
V
ariance explained 
5.6%
 
 
V
ariance explained 
5.6%
 
V
egetable dishes 
0.31  
Spreads and preserves 
0.34  
Processed or cured m
eat 
0.29  
O
range vegetables 
0.50 
Fish and other seafood 
0.31  
Sw
eet biscuits 
0.28  
Pizza and/or H
am
burger 
0.28  
D
ark green and cruciferous veg 
0.44 
O
il and vinegar salad 
dressing 
0.31  
C
akes, pastries or other 
desserts 
0.27  
R
ed m
eat 
0.28  
O
ther vegetables 
0.44 
Salad vegetables 
0.28  
W
holegrain bread 
0.26  
W
hite bread 
0.25  
Potato 
0.36 
R
ice 
0.24  
M
argarine 
0.24  
Fried or battered fish 
0.25  
 
 
Legum
es or beans 
0.22  
Savoury crackers 
0.23  
H
igh-joule drinks 
0.23  
 
 
C
ottage or ricotta cheese 
0.22  
C
hocolate or 
confectionary 
0.23  
H
ot chips, roast potato or w
edges 
0.20  
 
 
Fruit 
0.22  
C
heddar cheese 
0.22  
M
uesli or porridge 
-0.20  
 
 
Poultry 
0.20  
B
reakfast cereal 
0.22  
R
educed fat m
ilk 
-0.22  
 
 
Potato 
-0.21  
 
  
 
  
 
 
Factor 2 2012 
Factor 4 2012 
Factor 1 2012 
Factor 3 2012 
 
Eigenvalue 
3.68 
 
Eigenvalue 
1.99 
 
Eigenvalue 
4.14 
 
Eigenvalue 
2.17 
V
ariance explained  
5.7%
 
 
V
ariance explained  
5.1%
 
 
V
ariance explained  
7.0%
 
 
V
ariance explained  
5.3%
 
C
ongruence to 2010 
Factor 1
2 
0.96 
 
C
ongruence to 2010 
Factor 2
2 
0.95 
 
C
ongruence to 2010 Factor 3
2 
0.93 
 
C
ongruence to 2010 Factor 4
2 
0.93 
O
ther vegetables 
0.32  
M
uesli or porridge 
0.33  
Sw
eet biscuits 
0.30  
Potato 
0.50 
O
il and vinegar dressing 
0.32  
Y
oghurt 
0.31  
C
hocolate or confectionary 
0.28  
D
ark green and cruciferous veg 
0.46 
O
range vegetables 
0.28  
M
ilk-R
educed fat 
0.28  
M
eat pie or sausage rolls 
0.27  
Salad vegetables 
0.42 
R
ice 
0.27  
W
holegrain bread 
0.26  
Processed or cured m
eat 
0.25  
Legum
es or beans 
0.31 
Pasta 
0.26  
Spreads and preserves 
0.26  
W
hite bread 
0.25  
O
range vegetables 
0.20 
H
ot chips, roast potato or 
w
edges 
0.26  
N
uts or seeds 
0.25  
V
egetable dishes 
0.24  
 
 
Fish and other seafood 
0.26  
B
reakfast cereal 
0.23  
H
igh-joule drinks 
0.24  
 
 
W
ine 
0.20  
Fruit 
0.22  
Pizza and/or H
am
burger 
0.23  
 
 
 
  
D
ried fruit 
0.22  
Potato chips etc 
0.22  
 
 
 
  
 
  
C
akes, pastries or other desserts 
0.21  
 
 
  
 Table 5.2:  
Food groups w
ith factor loadings (|≥ 0.2|) for dietary pattern derived by principal com
ponent analysis at three tim
e points in m
en of 
the W
ellbeing Eating and Exercise for a Long Life Study
1 (continued) 
Factor 1 2014 
 
 
Factor 2 2014 
Eigenvalue 
4.2 
 
 
 
 
Eigenvalue 
3.28 
 
 
 
V
ariance explained  
7.8%
 
 
 
 
 
V
ariance explained  
6.6%
 
 
 
 
C
ongruence to 2010 
Factor 1
2 
0.66 
 
 
 
 
C
ongruence to 2010 Factor 3
2 
0.72 
 
 
 
V
egetable dishes 
0.32 
 
 
Processed or cured m
eat 
0.29 
O
ther vegetables 
0.32 
 
 
H
igh-joule drinks 
0.27 
Salad vegetables 
0.31 
 
 
Sw
eet biscuits 
0.27 
Fruit 
0.28  
 
 
 
C
akes, pastries or other 
desserts 
0.25  
 
 
D
ark green and 
cruciferous vegetables 
0.26  
 
 
 
H
ot chips, roast potato or 
w
edges 
0.25  
 
 
O
range vegetables 
0.25 
 
 
W
hite bread 
0.22 
Fish and other seafood 
0.21 
 
 
C
hocolate or confectionary 
0.22 
Legum
es or beans 
0.21 
 
 
Ice-cream
 
0.21 
N
uts or seeds 
0.20 
 
 
B
utter 
0.20 
1. C
om
plete factor loading list can be found in A
ppendix F. O
nly food groups w
ith factor loadings |≥ 0.2| are displayed in table and are listed in order for sim
plicity and ease of interpretation. D
ietary factors in 2012 and 
2014 have been ordered according to their sim
ilarity w
ith the baseline (2010) factors, how
ever they are num
ber in order the percentage of variance explained. 
2. C
oefficient of congruence <0.85 not sim
ilar; 0.85-0.94 fair sim
ilarity; >0.95 good sim
ilarity. See A
ppendix I (Lorenzo-Seva, 2006). 
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For women, PCA identified two dietary patterns at each time point (Table 5.3). 
These patterns explained 14.3%, 14.5% and 13.7% of the variance in 2010, 2012 
and 2014, respectively. The dietary patterns at all time points were qualitatively 
similar, with Factor 1 characterised by vegetables, fruit and fish and Factor 2 
characterised by cakes, processed meat, hot chips and confectionary (Table 5.3). 
This was confirmed by a fair and good similarity determined by Tucker’s 
coefficient of congruence (coefficient of congruence range=0.90 to 0.97). A 
complete list of factor loadings is included in Appendix F and a detailed 
description of the analysis by coefficient of congruence is in Appendix I. 
Table 5.3: Food group factor loadings (|≥ 0.2|) of dietary pattern derived by 
principal component analysis at three time points in women of the 
Wellbeing Eating and Exercise for a Long Life study 
Factor 1 2010   Factor 2 2010  
Eigenvalue 4.19  Eigenvalue 3.26 
Variance explained 7.8%  Variance explained 6.5% 
Other vegetables 0.34  Cakes, pastries or other desserts 0.27 
Salad vegetables 0.34  Processed or cured meat 0.26 
Vegetable dishes 0.29  Sweet biscuits 0.25 
Dark green and cruciferous vegetables 0.29  Hot chips, roast potato or wedges 0.23 
Fruit 0.26  Chocolate or confectionary 0.23 
Fish and other seafood 0.25  High-joule drinks 0.23 
Orange vegetables 0.25  Meat pie or sausage rolls 0.22 
Legumes or beans 0.23  Potato 0.21 
Nuts or seeds 0.23    
Factor 1 2012   Factor 2 2012  
Eigenvalue 4.22  Eigenvalue 3.33 
Variance explained 8.1%  % variance explained 6.4% 
Congruence to 2010 Factor 12 0.96  Congruence to 2010 Factor 22 0.95 
Other vegetables 0.34  Meat pie or sausage rolls 0.28 
Vegetable dishes 0.32  Sweet biscuits 0.26 
Salad vegetables 0.32  Cakes, pastries or other desserts 0.26 
Dark green and cruciferous vegetables 0.29  Processed or cured meat 0.25 
Fruit 0.27  Margarine 0.25 
Orange vegetables 0.27  Spreads and preserves 0.24 
Nuts or seeds 0.24  White bread 0.23 
Oil and vinegar salad dressing 0.22  Potato 0.22 
Legumes or beans 0.21  Hot chips, roast potato or wedges 0.20 
Fish and other seafood 0.20  Potato chips etc 0.20 
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PCA-derived dietary patterns that appeared at all three time points were retained 
for further analysis and the factor scores were calculated. The factor scores in men 
and women for all dietary patterns significantly decreased over four years (Table 
5.4). The mean daily food group frequencies across the three time points were 
explored to identify food groups that were driving this changes (Appendix J). 
There was an overall decrease in the frequency of intake of food groups, with a 
particularly large decrease in vegetable dishes for both men and women (a 
decrease of 0.30 and 0.36 serves per day, men and women respectively). 
Table 5.3: Food group factor loadings (|≥ 0.2|) of dietary pattern derived by 
principal component analysis at three time points in women of the 
Wellbeing Eating and Exercise for a Long Life study (continued) 
Factor 1 2014   Factor 2 2014  
Eigenvalue 3.93  Eigenvalue 3.19 
Variance explained 7.6%  Variance explained 6.2% 
Congruence to 2010 Factor 12 0.96  Congruence to 2010 Factor 22 0.90 
Other vegetables 0.36  Processed or cured meat 0.29 
Vegetable dishes 0.33  Meat pie or sausage rolls 0.29 
Salad vegetables 0.33  Potato 0.28 
Dark green and cruciferous vegetables 0.31  Hot chips, roast potato or wedges 0.28 
Fruit 0.28  Cakes, pastries or other desserts 0.25 
Orange vegetables 0.27  Red meat 0.25 
Oil and vinegar salad dressing 0.23  Ice-cream 0.22 
Nuts or seeds 0.22  Cream 0.20 
Legumes or beans 0.22  Sweet biscuits 0.20 
Fish and other seafood 0.21  Margarine 0.20 
   Hot chips, roast potato or wedges 0.20 
1. Complete factor loading list can be found in Appendix F. Only food groups with factor loadings |≥ 0.2| are displayed in 
table and are listed in order for simplicity and ease of interpretation. 
2. Coefficient of congruence <0.85 not similar; 0.85-0.94 fair similarity; >0.95 good similarity. See Appendix I (Lorenzo-
Seva, 2006). 
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 Table 5.4: Mean factor scores across three time points and mixed-effect 
multilinear regression (MLR) coefficient to assess change in scores 
between baseline and four-years in participants of the Wellbeing 
Eating and Exercise for a Long Life study 
 
Men 
 2010 2012 2014  Mixed-effect MLR 
 mean ± standard deviation1  β (95% CI) P-trend 
Factor 1 Vegetable dishes, 
fruit, fish & poultry 1.46±0.78 1.32±0.70 1.32±0.73  -0.07 (-0.08, -0.05) P<0.001 
Factor 3 Red or processed 
meat, white bread, fried fish & 
hot chips 
0.48±0.54 0.43±0.48 0.39±0.45  -0.04 (-0.05, -0.03) P<0.001 
Women 
 2010 2012 2014  Mixed-effect MLR 
 mean ± standard deviation1  β (95% CI) P-trend 
Factor 1 Vegetables, fruit & 
fish 1.54±0.74 1.51±0.72 1.48±0.70  -0.03 (-0.04, -0.01) P<0.001 
Factor 2 Cakes, processed 
meat, hot chips & 
confectionary 
0.24±0.22 0.22±0.20 0.21±0.18  -0.01 (-0.02, -0.01) P<0.001 
1. Values are mean factor scores calculated using baseline factor loadings at all time points. Abbreviation: CI- Confident 
interval. 
 
5.4.3 Dietary patterns over time using Cluster Analysis 
In 2010, three clusters were identified in both men and women and were detailed 
previously (Section 4.4.3). In 2012, two clusters were identified in men. These 
clusters did not have distinct dietary characteristics and were therefore difficult to 
interpret (Table 5.5). Cluster 1 (n=327; 27%) had higher mean daily intake 
frequency for most food groups compared to Cluster 2 (n=942; 74%). In 2014, two 
similar dietary clusters were identified; Cluster 1 (n=319; 27%) had higher mean 
daily intake frequencies compared to Cluster 2 (n=864; 73%). Since the clusters 
identified in men were not consistent across time and difficult to interpret further 
analysis was not performed. 
In women, three dietary clusters were identified in 2012 that were qualitatively 
similar to those of 2010 (Table 5.6). Cluster 1 (n=396; 28%) was characterised by 
high consumption of fruit, vegetables, fish and poultry. Cluster 2 (n=328; 23%) 
was characterised by high consumption of red and processed meat, bread and 
discretionary food. Cluster 3 (n=704; 49%) was similar to the previously described 
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small eaters cluster with lower mean daily intake frequencies of most food groups. 
The Kappa coefficient indicated that the dietary clusters identified in 2012 were 
similar (remaining relatively stable) to those identified in 2010 (65.5% agreement, 
kappa=0.45; P<0.001) (Table 5.7). 
In 2014, two dietary clusters were identified in women. Cluster 1 (n=511; 39%) 
was characterised by high consumption of fruit and vegetables, wholegrain cereals, 
fish, poultry, eggs, yoghurt and cheese and Clusters 2 (n=798; 61%) was 
characterised by high consumption of potato, white bread, breakfast cereal and 
flavoured drinks. These two clusters are consistent with the foods originally 
presented in the clusters 2010 in terms of their likely nutritional profile (i.e. 
healthier foods were present in the healthy cluster and unhealthier foods were 
present in the unhealthy cluster). However, Cluster 1 in 2014 was characterised by 
higher frequencies of cereal products (wholegrain bread and pasta) as well as 
higher frequencies of poultry and eggs, which was not characteristic of this cluster 
in 2010. While Cluster 2 in 2014 was not characterised by higher consumption of 
red meat, processed meat, cakes and confectionary as observed in the 2010.  
As there were only two clusters in 2014, the Kappa statistic could not be used to 
compare agreement between 2010 and 2014 clusters. However, a cross-tabulation 
(Table 5.7) demonstrates that, of those in Cluster 1 in 2010 (fruit, vegetables, nuts, 
legumes and fish), the majority remained in the corresponding Cluster 1 in 2014 
(71%). The majority of those in Cluster 2 in 2010 (red and processed meat, white 
bread, flavoured drinks, cakes, pastries and confectionary) were grouped into the 
corresponding cluster in 2014 (70%). The majority of those in the small eaters 
cluster in 2010 were clustered into Cluster 2 (refined grains and sugars) in 2014 
(75%).
  
Table 5.5: 
M
ean (SD
) of the consum
ption frequency per day of m
en by dietary cluster at three tim
e points, W
ellbeing Eating and Exercise for 
a Long Life 
 
2010 
 
2012 
 
2014 
 
C
luster 1 
C
luster 2 
C
luster 3 
 
C
luster 1 
C
luster 2 
 
C
luster 1 
C
luster 2 
Food groups 
n=474 (25%
) 
n=343 (18%
) 
n=1,071 (57%
) 
 
n=327 (27%
) 
n=942 (74%
) 
 
n=319 (27%
) 
n=864 (73%
) 
V
egetables and Fruit 
 
 
 
 
 
 
 
 
 
V
egetable dishes 
1.9 (1.1) a 
1.3 (0.9) b 
1.0 (0.6) c 
 
1.0 (0.8) a 
1.0 (0.8) a 
 
1.1 (0.9) a 
0.9 (0.7) b 
Salad vegetables  
2.2 (1.2) a 
1.4 (1.0) b 
1.2 (0.7) c 
 
1.4 (0.9) a 
1.4 (1.0) a 
 
1.4 (0.9) a 
1.4 (1.1) a 
D
ark green and cruciferous vegetables 
1.2 (0.9) a 
0.8 (0.7) b 
0.6 (0.5) c 
 
0.8 (0.7) a 
0.7 (0.6) b 
 
0.9 (1.5) a 
0.7 (0.6) b 
O
range vegetables 
1.1 (0.7) a 
0.8 (0.6) b 
0.6 (0.4) c 
 
0.9 (0.8) a 
0.8 (0.5) b 
 
1.0 (1.2) a 
0.8 (0.6) b 
Potato 
0.5 (0.4) a 
0.6 (0.6) b 
0.4 (0.3) c 
 
0.6 (0.4) a 
0.4 (0.3) b 
 
0.7 (0.7) a 
0.4 (0.3) b 
O
ther vegetables 
2.1 (1.1) a 
1.5 (0.9) b 
1.1 (0.6) c 
 
1.6 (1.2) a 
1.3 (0.7) b 
 
1.6 (1.5) a 
1.3 (0.8) b 
Legum
es/beans 
0.3 (0.6) a 
0.2 (0.4) b 
0.1 (0.2) b 
 
0.2 (0.2) a 
0.2 (0.3) a 
 
0.1 (0.2) a 
0.2 (0.2) a 
Fruit 
3.1 (1.9) a 
2.0 (1.7) b 
1.6 (1.3) c 
 
2.0 (1.7) a 
2.0 (1.6) a 
 
2.1 (1.9) a 
2.0 (1.6) a 
D
ried fruit 
0.3 (0.6) a 
0.1 (0.3) b 
0.1 (0.2) a 
 
0.1 (0.3) a 
0.2 (0.3) a 
 
0.1 (0.3) a 
0.2 (0.3) a 
N
uts and/or seeds 
0.8 (0.9) a 
0.4 (0.4) b 
0.3 (0.5) b 
 
0.6 (0.7) a 
0.5 (0.7) b 
 
0.6 (0.8) a 
0.5 (0.8) b 
C
ereal 
 
 
 
 
 
 
 
 
 
W
hite bread 
0.2 (0.5) a 
1.2 (1.3) b 
0.4 (0.6) c 
 
0.9 (1.1) a 
0.3 (0.5) b 
 
0.7 (1.0) a 
0.3 (0.5) b 
W
holegrain bread 
1.3 (1.1) a 
0.6 (0.9) b 
0.6 (0.6) b 
 
0.8 (0.7) a 
0.7 (0.7) b 
 
0.8 (0.9) a 
0.7 (0.7) a 
Savoury crackers 
0.6 (0.7) a 
0.4 (0.6) b 
0.2 (0.3) c 
 
0.5 (0.7) a 
0.3 (0.4) b 
 
0.5 (0.6) a 
0.3 (0.3) b 
M
uesli or porridge 
0.6 (0.8) a 
0.2 (0.3) b 
0.2 (0.4) b 
 
0.3 (0.6) a 
0.4 (0.5) a 
 
0.3 (0.6) a 
0.4 (0.5) a 
B
reakfast cereal 
0.5 (0.7) a 
0.6 (0.8) a 
0.4 (0.5) b 
 
0.6 (0.8) a 
0.4 (0.5) b 
 
0.6 (0.8) a 
0.4 (0.6) b 
R
ice 
0.3 (0.4) a 
0.2 (0.2) b 
0.2 (0.3) b 
 
0.2 (0.2) a 
0.2 (0.3) a 
 
0.2 (0.3) a 
0.2 (0.3) a 
Pasta 
0.2 (0.2) a 
0.2 (0.4) b 
0.2 (0.2) b 
 
0.2 (0.2) a 
0.2 (0.2) a 
 
0.2 (0.2) a 
0.2 (0.1) b 
M
eat 
 
 
 
 
 
 
 
 
 
R
ed m
eat 
0.8 (0.5) a 
1.1 (0.8) b 
0.7 (0.4) c 
 
1.0 (0.6) a 
0.7 (0.5) b 
 
0.9 (0.6) a 
0.7 (0.5) b 
Processed or cured m
eat 
0.4 (0.4) a 
0.8 (0.6) b 
0.3 (0.3) c 
 
0.6 (0.5) a 
0.4 (0.4) b 
 
0.6 (0.5) a 
0.3 (0.3) b 
Poultry 
0.3 (0.3) a 
0.3 (0.3) b 
0.2 (0.2) c 
 
0.3 (0.3) a 
0.2 (0.2) b 
 
0.3 (0.3) a 
0.2 (0.2) b 
Fish and other seafood 
0.5 (0.5) a 
0.3 (0.3) b 
0.3 (0.3) b 
 
0.3 (0.3) a 
0.3 (0.3) a 
 
0.3 (0.3) a 
0.3 (0.3) a 
Fried or battered fish 
0.1 (0.1) a 
0.1 (0.1) b 
0.1 (0.1) c 
 
0.1 (0.1) a 
0.1 (0.1) b 
 
0.1 (0.1) a 
0.1 (0.1) b 
Eggs 
0.3 (0.3) a 
0.3 (0.3) a 
0.2 (0.2) b 
 
0.3 (0.3) a 
0.2 (0.2) b 
 
0.3 (0.2) a 
0.2 (0.2) b 
D
airy 
 
 
 
 
 
 
 
 
 
Flavoured m
ilk drinks 
0.1 (0.1) a 
0.3 (0.6) b 
0.1 (0.2) a 
 
0.2 (0.7) a 
0.1 (0.3) b 
 
0.2 (0.5) a 
0.1 (0.2) b 
W
hole M
ilk 
0.2 (0.4) a 
0.7 (1.1) b 
0.2 (0.4) a 
 
0.5 (0.9) a 
0.2 (0.4) b 
 
0.6 (0.9) a 
0.2 (0.4) b 
R
educed fat m
ilk 
0.7 (1.0) a 
0.3 (0.6) b 
0.4 (0.6) c 
 
0.4 (0.9) a 
0.5 (0.6) a 
 
0.4 (1.1) a 
0.5 (0.8) a 
C
ream
 
0.1 (0.1) a 
0.1 (0.4) b 
0.1 (0.1) a 
 
0.1 (0.2) a 
0.1 (0.1) b 
 
0.1 (0.2) a 
0.1 (0.1) b 
Ice-cream
 
0.2 (0.4) a 
0.3 (0.3) b 
0.2 (0.2) c 
 
0.3 (0.5) a 
0.1 (0.2) b 
 
0.4 (0.6) a 
0.1 (0.2) b 
Y
oghurt 
0.5 (0.6) a 
0.2 (0.4) b 
0.2 (0.3) b 
 
0.3 (0.5) a 
0.3 (0.4) a 
 
0.3 (0.5) a 
0.3 (0.5) a 
C
ottage or ricotta cheese 
0.1 (0.2) a 
0.03 (0.1) b 
0.03 (0.1) b 
 
0.1 (0.1) a 
0.1 (0.1) a 
 
0.1 (0.2) a 
0.1 (0.1) a 
C
heddar cheese 
0.5 (0.6) a 
0.6 (0.7) a 
0.3 (0.3) b 
 
0.5 (0.4) a 
0.4 (0.4) b 
 
0.6 (0.5) a 
0.4 (0.3) b 
 
 
 
 
 
 
 
 
 
 
  
  
 
Table 5.5: 
 M
ean (SD
) of the consum
ption frequency per day of m
en by dietary cluster at three tim
e points, W
ellbeing Eating and Exercise for 
a Long Life (continued)  
 
2010 
 
2012 
 
2014 
 
C
luster 1 
C
luster 2 
C
luster 3 
 
C
luster 1 
C
luster 2 
 
C
luster 1 
C
luster 2 
Food groups 
n=474 (25%
) 
n=343 (18%
) 
n=1,071 (57%
) 
 
n=327 (27%
) 
n=942 (74%
) 
 
n=319 (27%
) 
n=864 (73%
) 
O
ther 
 
 
 
 
 
 
 
 
 
W
ater 
3.1 (2.0) a 
2.4 (2.0) b 
2.1 (1.8) c 
 
2.3 (2.0) a 
2.3 (1.9) a 
 
2.2 (1.8) a 
2.4 (1.9) a 
C
offee 
1.6 (1.4) a 
2.1 (1.8) b 
1.7 (1.5) a 
 
2.1 (1.7) a 
1.7 (1.4) b 
 
1.9 (1.6) a 
1.6 (1.4) b 
Tea 
2.0 (1.6) a 
1.7 (1.7) b 
1.4 (1.5) c 
 
1.9 (1.7) a 
1.6 (1.5) b 
 
1.6 (1.5) a 
1.6 (1.5) a 
Fruit or vegetable juice 
0.5 (0.7) a 
0.5 (0.6) a 
0.3 (0.4) b 
 
0.4 (0.7) a 
0.3 (0.5) b 
 
0.5 (0.6) a 
0.3 (0.5) b 
H
igh-joule drinks 
0.4 (0.6) a 
1.2 (1.4) b 
0.3 (0.5) a 
 
0.9 (1.1) a 
0.3 (0.4) b 
 
0.8 (1.0) a 
0.2 (0.3) b 
Low
-joule drink 
0.2 (0.5) a 
0.3 (0.8) b 
0.2 (0.6) ab 
 
0.3 (0.7) a 
0.2 (0.5) a 
 
0.3 (0.6) a 
0.1 (0.4) b 
B
eer 
0.4 (0.6) a 
1.1 (1.7) b 
0.6 (1.1) c 
 
0.8 (1.4) a 
0.5 (0.9) b 
 
0.6 (0.9) a 
0.5 (1.0) a 
W
ine  
0.6 (0.8) a 
0.4 (0.6) b 
0.5 (0.8) b 
 
0.4 (0.9) a 
0.5 (0.8) a 
 
0.4 (0.8) a 
0.5 (0.8) b 
Spirits and liqueurs 
0.1 (0.2) a 
0.2 (0.6) b 
0.1 (0.3) a 
 
0.1 (0.4) a 
0.1 (0.3) b 
 
0.1 (0.2) a 
0.1 (0.2) a 
C
akes, pastries or desserts 
0.4 (0.4) a 
0.5 (0.6) b 
0.2 (0.3) c 
 
0.5 (0.6) a 
0.2 (0.3) b 
 
0.6 (0.6) a 
0.2 (0.3) b 
Sw
eet biscuits 
0.4 (0.6) a 
0.7 (0.9) b 
0.2 (0.3) c 
 
0.7 (0.9) a 
0.2 (0.3) b 
 
0.6 (0.7) a 
0.2 (0.3) b 
C
hocolate or confectionary 
0.3 (0.4) a 
0.7 (0.8) b 
0.2 (0.3) c 
 
0.5 (0.8) a 
0.2 (0.3) b 
 
0.5 (0.7) a 
0.2 (0.3) b 
M
eat pie or sausage rolls 
0.1 (0.1) a 
0.2 (0.4) b 
0.1 (0.1) a 
 
0.1 (0.2) a 
0.1 (0.1) b 
 
0.1 (0.3) a 
0.1 (0.1) b 
Pizza or H
am
burger 
0.1 (0.1) a 
0.2 (0.2) b 
0.1 (0.1) a 
 
0.1 (0.1) a 
0.1 (0.1) b 
 
0.1 (0.2) a 
0.1 (0.1) b 
Spreads and preserves 
0.8 (0.8) a 
0.8 (1.0) a 
0.4 (0.4) b 
 
0.8 (0.7) a 
0.5 (0.5) b 
 
1.0 (0.9) a 
0.4 (0.5) b 
Potato chips etc 
0.1 (0.1) a 
0.2 (0.3) b 
0.1 (0.1) a 
 
0.1 (0.2) a 
0.04 (0.1) b 
 
0.1 (0.2) a 
0.04 (0.1) b 
O
il and vinegar salad dressing 
0.3 (0.3) a 
0.2 (0.3) b 
0.1 (0.2) c 
 
0.2 (0.3) a 
0.2 (0.2) a 
 
0.2 (0.8) a 
0.2 (0.3) a 
C
ream
y salad dressing 
0.1 (0.2) a 
0.2 (0.3) b 
0.1 (0.1) c 
 
0.2 (0.2) a 
0.1 (0.1) b 
 
0.2 (0.2) a 
0.1 (0.1) b 
M
argarine 
0.7 (0.9) a 
1.0 (1.2) b 
0.5 (0.6) c 
 
1.0 (1.2) a 
0.5 (0.6) b 
 
0.8 (1.1) a 
0.5 (0.7) b 
B
utter 
0.3 (0.6) a 
0.6 (1.1) b 
0.2 (0.4) c 
 
0.6 (1.0) a 
0.2 (0.4) b 
 
0.7 (0.9) a 
0.2 (0.4) b 
H
ot chips, roast potato or w
edges 
0.1 (0.2) a 
0.3 (0.4) b 
0.1 (0.1) a 
 
0.2 (0.2) a 
0.1 (0.1) b 
 
0.2 (0.2) a 
0.1 (0.1) b 
A
bbreviation: SD
- Standard D
eviation. a, b &
 c D
ifferent letter indicates significant difference betw
een clusters tested w
ith A
N
O
V
A
 w
ith bonferroni post hoc P<0.05. N
S no significant difference across clusters. 
  
Table 5.6: 
M
ean (SD
) of the consum
ption frequency per day of w
om
en by dietary clusters at three tim
e points, W
ellbeing Eating and Exercise 
for a Long Life study 
 
2010 
 
2012 
 
2014 
 
C
luster 1 
C
luster 2 
C
luster 3 
 
C
luster 1 
C
luster 2 
C
luster 3 
 
C
luster 1 
C
luster 2 
Food groups 
n=525 (25%
) 
n=409 (20%
) 
n=1137 (55%
) 
 
n=396 (28%
) 
n=328 (23%
) 
n=704 (49%
) 
 
n=511 
n=798 
V
egetables and Fruit 
 
 
 
 
 
 
 
 
 
 
V
egetable dishes 
2.4 (1.3) a 
1.5 (0.9) b 
1.3 (0.8) c 
 
1.9 (1.4) a 
1.1 (0.6) b 
1.0 (0.6) c 
 
1.8 (1.3) a 
0.9 (0.6) b 
Salad vegetables  
3.0 (1.3) a 
1.8 (1.0) b 
1.5 (0.8) c 
 
2.9 (1.7) a 
1.8 (1.0) b 
1.4 (0.8) c 
 
2.6 (1.3) a 
1.4 (0.8) b 
D
ark green and cruciferous vegetables 
1.6 (0.9) a 
1.0 (0.7) b 
0.7 (0.6) c 
 
1.4 (1.1) a 
0.9 (0.6) b 
0.8 (0.6) c 
 
1.3 (0.1) a 
0.8 (0.6) b 
O
range vegetables 
1.3 (0.7) a 
1.1 (0.7) b 
0.8 (0.5) c 
 
1.3 (1.1) a 
1.1 (0.5) b 
0.8 (0.5) c 
 
1.2 (0.8) a 
0.9 (0.6) b 
Potato 
0.4 (0.3) a 
0.6 (0.5) b 
0.3 (0.3) a 
 
0.3 (0.3) a 
0.7 (0.6) b 
0.4 (0.3) c 
 
0.3 (0.3) a 
0.4 (0.3) b 
O
ther vegetables 
2.5 (1.1) a 
1.7 (0.9) b 
1.3 (0.7) c 
 
2.3 (1.4) a 
1.7 (0.8) b 
1.3 (0.7) c 
 
2.2 (1.4) a 
1.3 (0.7) b 
Legum
es/beans 
0.4 (0.5) a 
0.1 (0.2) b 
0.1 (0.2) b 
 
0.4 (0.5) a 
0.1 (0.1) b 
0.1 (0.2) b 
 
0.3 (0.6) a 
0.1 (0.2) b 
Fruit 
3.8 (2.1) a 
2.4 (1.5) b 
2.1 (1.4) c 
 
3.9 (2.2) a 
2.6 (1.8) b 
2.0 (1.3) c 
 
3.6 (2.3) a 
2.0 (1.3) b 
D
ried fruit 
0.4 (0.6) a 
0.2 (0.3) b 
0.2 (0.3) b 
 
0.5 (0.5) a 
0.2 (0.3) b 
0.1 (0.2) c 
 
0.4 (0.5) a 
0.1 (0.3) b 
N
uts and/or seeds 
1.2 (1.1) b 
0.5 (0.6) c 
0.4 (0.5) c 
 
1.2 (1.2) a 
0.7 (0.9) b 
0.4 (0.5) c 
 
1.2 (1.1) a 
0.4 (0.5) b 
C
ereal 
 
 
 
 
 
 
 
 
 
 
W
hite bread 
0.1 (0.2) a 
0.5 (0.9) b 
0.3 (0.5) c 
 
0.1 (0.3) a 
0.4 (0.8) b 
0.2 (0.4) c 
 
0.1 (0.4) a 
0.3 (0.6) b 
W
holegrain bread 
0.9 (0.9) a 
1.0 (1.0) a 
0.6 (0.6) b 
 
0.8 (0.7) a 
1.1 (1.0) b 
0.5 (0.5) c 
 
0.8 (0.9) a 
0.6 (0.7) b 
Savoury crackers 
0.4 (0.5) a 
0.6 (0.7) b 
0.3 (0.3) c 
 
0.4 (0.4) a 
0.6 (0.7) b 
0.3 (0.3) c 
 
0.4 (0.5) a 
0.3 (0.4) b 
M
uesli or porridge 
0.7 (0.7) a 
0.3 (0.4) b 
0.3 (0.5) b 
 
0.7 (0.7) a 
0.4 (0.6) b 
0.3 (0.5) b 
 
0.7 (0.7) a 
0.3 (0.4) b 
B
reakfast cereal 
0.4 (0.6) a 
0.5 (0.7) b 
0.3 (0.5) a 
 
0.3 (0.5) a 
0.6 (0.9) b 
0.3 (0.4) a 
 
0.3 (0.5) a 
0.4 (0.6) b 
R
ice 
0.3 (0.5) a 
0.2 (0.2) b 
0.2 (0.3) b 
 
0.2 (0.2) a 
0.2 (0.2) b 
0.1 (0.2) c 
 
0.2 (0.2) a 
0.1 (0.2) b 
Pasta 
0.2 (0.2) a 
0.2 (0.4) a 
0.1 (0.1) b 
 
0.2 (0.2) a 
0.2 (0.2) a 
0.1 (0.1) b 
 
0.2 (0.1) a 
0.1 (0.1) b 
M
eat 
 
 
 
 
 
 
 
 
 
 
R
ed m
eat 
0.7 (0.6) a 
0.9 (0.7) b 
0.6 (0.4) c 
 
0.6 (0.8) a 
0.7 (0.4) a 
0.6 (0.4) b 
 
0.6 (0.5) a 
0.6 (0.4) a 
Processed or cured m
eat 
0.3 (0.4) a 
0.5 (0.5) b 
0.2 (0.2) a 
 
0.2 (0.3) a 
0.4 (0.3) b 
0.2 (0.3) a 
 
0.3 (0.3) a 
0.3 (0.3) a 
Poultry 
0.3 (0.4) a 
0.3 (0.3) a 
0.2 (0.2) b 
 
0.3 (0.3) a 
0.3 (0.3) a 
0.2 (0.2) b 
 
0.3 (0.3) a 
0.2 (0.2) b 
Fish and other seafood 
0.7 (0.6) a 
0.3 (0.4) b 
0.3 (0.3) b 
 
0.6 (0.5) a 
0.3 (0.3) b 
0.3 (0.3) b 
 
0.5 (0.5) a 
0.3 (0.3) b 
Fried or battered fish 
0.1 (0.3) a 
0.1 (0.1) b 
0.04 (0.1) b 
 
0.04 (0.1) a 
0.1 (0.1) b 
0.04 (0.1) a 
 
0.04 (0.1) a 
0.1 (0.1) a 
Eggs 
0.3 (0.4) a 
0.3 (0.4) a 
0.2 (0.2) b 
 
0.3 (0.3) a 
0.3 (0.2) a 
0.2 (0.2) b 
 
0.4 (0.3) a 
0.2 (0.2) b 
D
airy 
 
 
 
 
 
 
 
 
 
 
Flavoured m
ilk drinks 
0.1 (0.2) a 
0.1 (0.3) b 
0.1 (0.2) a 
 
0.1 (0.4) ab 
0.1 (0.6) a 
0.1 (0.3) b 
 
0.1 (0.3) a 
0.1 (0.4) b 
W
hole M
ilk 
0.1 (0.2) a 
0.2 (0.6) b 
0.1 (0.3) a 
 
0.1 (0.3) a 
0.2 (0.6) b 
0.1 (0.3) a 
 
0.1 (0.4) a 
0.1 (0.4) a 
R
educed fat m
ilk 
0.6 (0.8) a 
0.6 (0.8) b 
0.5 (0.6) b 
 
0.6 (0.7) a 
0.6 (0.9) a 
0.4 (0.6) b 
 
0.5 (0.7) a 
0.5 (0.8) a 
C
ream
 
0.1 (0.2) a 
0.1 (0.4) b 
0.1 (0.1) a 
 
0.1 (0.1) a 
0.1 (0.3) b 
0.1 (0.1) a 
 
0.1 (0.1) a 
0.1 (0.2) b 
Ice-cream
 
0.1 (0.2) a 
0.3 (0.7) b 
0.1 (0.2) a 
 
0.1 (0.2) a 
0.3 (0.3) b 
0.1 (0.2) a 
 
0.1 (0.2) a 
0.2 (0.3) a 
Y
oghurt 
0.8 (0.8) a 
0.3 (0.4) b 
0.4 (0.5) b 
 
0.7 (0.5) a 
0.5 (0.7) b 
0.4 (0.4) c 
 
0.8 (0.8) a 
0.4 (0.4) b 
C
ottage or ricotta cheese 
0.2 (0.3) a 
0.03 (0.1) b 
0.04 (0.1) b 
 
0.2 (0.3) a 
0.04 (0.1) b 
0.04 (0.1) b 
 
0.1 (0.3) a 
0.04 (0.1) b 
C
heddar cheese 
0.4 (0.4) a 
0.6 (0.6) b 
0.3 (0.3) c 
 
0.4 (0.4) a 
0.6 (0.5) b 
0.3 (0.3) c 
 
0.5 (0.6) a 
0.4 (0.5) b 
 
 
 
 
 
 
 
 
 
 
 
  
Table 5.6:  
M
ean (SD
) of the consum
ption frequency per day of w
om
en by dietary clusters at three tim
e points, W
ellbeing Eating and Exercise 
for a Long Life study (continued)  
 
2010 
 
2012 
 
2014 
 
C
luster 1 
C
luster 2 
C
luster 3 
 
C
luster 1 
C
luster 2 
C
luster 3 
 
C
luster 1 
C
luster 2 
Food groups 
n=525 (25%
) 
n=409 (20%
) 
n=1137 (55%
) 
 
n=396 (28%
) 
n=328 (23%
) 
n=704 (49%
) 
 
n=511 
n=798 
O
ther 
 
 
 
 
 
 
 
 
 
 
W
ater 
4.1 (2.0) a 
3.3 (2.0) b 
3.1 (2.1) b 
 
4.0 (2.0) a 
3.3 (2.0) b 
2.8 (2.0) c 
 
3.9 (2.0) a 
2.8 (2.0) b 
C
offee 
1.5 (1.4) N
S 
1.4 (1.5) 
1.5 (1.4) 
 
1.2 (1.1) a 
1.7 (1.5) b 
1.5 (1.5) b 
 
1.4 (1.2) a 
1.5 (1.4) b 
Tea 
2.1 (1.6) a 
2.6 (1.8) b 
1.8 (1.6) c 
 
2.1 (1.5) a 
2.5 (1.7) b 
1.9 (1.5) a 
 
2.3 (1.6) a 
1.9 (1.7) b 
Fruit or vegetable juice 
0.3 (0.6) N
S 
0.3 (0.5) 
0.3 (0.4) 
 
0.3 (0.4) N
S 
0.3 (0.4) 
0.2 (0.4) 
 
0.2 (0.5) a 
0.2 (0.5) a 
H
igh-joule drinks 
0.2 (0.5) a 
0.5 (0.9) b 
0.2 (0.4) a 
 
0.1 (0.3) a 
0.3 (0.7) b 
0.2 (0.5) c 
 
0.2 (0.4) a 
0.2 (0.6) b 
Low
-joule drink 
0.2 (0.5) a 
0.4 (0.9) b 
0.2 (0.6) a 
 
0.1 (0.4) a 
0.3 (0.7) b 
0.2 (0.6) b 
 
0.1 (0.3) a 
0.2 (0.7) b 
B
eer 
0.1 (0.2) N
S 
0.04 (0.2) 
0.1 (0.4) 
 
0.1 (0.2) N
S 
0.04 (0.2) 
0.1 (0.4) 
 
0.1 (0.2) a 
0.03 (0.2) a 
W
ine  
0.5 (0.8) N
S 
0.5 (0.8) 
0.4 (0.7) 
 
0.4 (0.6) N
S 
0.4 (0.7) 
0.4 (0.7) 
 
0.5 (0.7) a 
0.4 (0.6) a 
Spirits and liqueurs 
0.1 (0.2) a 
0.1 (0.5) b 
0.1 (0.2) a 
 
0.1 (0.2) N
S 
0.1 (0.2) 
0.1 (0.2) 
 
0.04 (0.1) a 
0.1 (0.2) b 
C
akes, pastries or desserts 
0.2 (0.3) a 
0.6 (0.7) b 
0.2 (0.2) a 
 
0.2 (0.3) a 
0.5 (0.5) b 
0.2 (0.2) a 
 
0.3 (0.4) a 
0.3 (0.4) a 
Sw
eet biscuits 
0.2 (0.4) a 
0.7 (0.8) b 
0.2 (0.2) a 
 
0.2 (0.3) a 
0.5 (0.6) b 
0.2 (0.3) a 
 
0.3 (0.5) a 
0.3 (0.4) a 
C
hocolate or confectionary 
0.3 (0.4) a 
0.6 (0.8) b 
0.2 (0.3) c 
 
0.2 (0.3) a 
0.5 (0.7) b 
0.3 (0.5) a 
 
0.3 (0.3) a 
0.3 (0.4) a 
M
eat pie or sausage rolls 
0.02 (0.1) a 
0.1 (0.1) b 
0.03 (0.1) a 
 
0.02 (0.04) a 
0.1 (0.1) b 
0.03 (0.04) c 
 
0.02 (0.04) a 
0.04 (0.1) b 
Pizza and/or H
am
burger 
0.1 (0.1) a 
0.1 (0.1) b 
0.1 (0.1) a 
 
0.04 (0.1) a 
0.1 (0.1) b 
0.04 (0.1) a 
 
0.1 (0.3) a 
0.05 (0.1) a 
Spreads and preserves 
0.5 (0.6) a 
0.8 (0.7) b 
0.4 (0.4) a 
 
0.4 (0.4) a 
0.9 (0.7) b 
0.3 (0.4) c 
 
0.5 (0.6) a 
0.5 (0.5) b 
Potato chips etc 
0.03 (0.1) a 
0.1 (0.4) b 
0.04 (0.1) a 
 
0.03 (0.1) a 
0.1 (0.2) b 
0.03 (0.1) a 
 
0.04 (0.1) a 
0.1 (0.1) a 
O
il and vinegar salad dressing 
0.4 (0.5) a 
0.2 (0.2) b 
0.2 (0.2) b 
 
0.4 (0.4) a 
0.3 (0.3) b 
0.2 (0.2) c 
 
0.4 (0.4) a 
0.2 (0.2) b 
C
ream
y salad dressing 
0.2 (0.3) a 
0.2 (0.3) b 
0.1 (0.1) c 
 
0.1 (0.2) a 
0.2 (0.2) b 
0.1 (0.1) c 
 
0.2 (0.2) a 
0.1 (0.2) b 
M
argarine 
0.3 (0.5) a 
1.0 (1.1) b 
0.4 (0.5) a 
 
0.3 (0.5) a 
1.0 (1.0) b 
0.3 (0.5) a 
 
0.3 (0.5) a 
0.4 (0.6) b 
B
utter 
0.3 (0.5) a 
0.5 (0.7) b 
0.2 (0.4) a 
 
0.2 (0.4) a 
0.5 (0.8) b 
0.2 (0.4) a 
 
0.4 (0.6) a 
0.3 (0.6) b 
H
ot chips, roast potato or w
edges 
0.1 (0.2) a 
0.2 (0.2) b 
0.1 (0.1) c 
 
0.1 (0.1) a 
0.1 (0.2) b 
0.1 (0.1) c 
 
0.1 (0.1) a 
0.1 (0.1) b 
A
bbreviation: SD
- Standard D
eviation. a, b &
 c D
ifferent letter indicates significant difference betw
een clusters tested w
ith A
N
O
V
A
 w
ith bonferroni post hoc P<0.05. N
S no significant difference across clusters. 
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 Table 5.7: Proportion of women in the 2010 dietary clusters in the clusters 
identified in (i) 2012 (with Kappa test of agreement) and (ii) 20141 
i) 2012 Agreement Kappa2 P-value 
 Cluster 1 Cluster 2 Cluster 3    
20101    
65.8% 0.45 <0.001 Cluster 1 60% 14% 26% Cluster 2 11% 62% 27% 
Cluster 3 17% 13% 70% 
ii) 2014     
 Cluster 1 Cluster 2     
20101       
Cluster 1 71% 29%     
Cluster 2 30% 70%     
Cluster 3 25% 75%     
1. 2010 cluster names: cluster 1: fruit, vegetables, nuts, legumes and fish; cluster 2: red and processed meat, white bread, 
flavoured drinks, cakes, pastries and confectionary; cluster 3: small eaters (low mean intake frequency on most items). 
 
 
5.4.4 Dietary patterns over time using a Diet Quality Index 
Preliminary analyses (paired t-tests) demonstrated that there were little overall 
change in the DGI-2013 score across the two-years from 2010 to 2012 and 2012 to 
2014 (Appendix K). Therefore, predictors of change were only explored for change 
in dietary patterns across four years, from 2010 to 2014.  
Over the four years, the total DGI-2013 score increased in men while for women it 
did not significantly change. The overall mean DGI-2013 score was 82.2 ± 14.2 
and 90.4±13.4 for men and women in 2010, respectively, and 83.1 ± 14.1 and 90.6 
± 13.1 in 2014, out of a total achievable score of 130 (Table 5.8). Examining 
individual components of the DGI, compliance to the diet variety and water 
recommendations decreased in men and women. Compliance with 
recommendations for vegetables, salt, sugar and alcohol increased in men. For 
women, compliance with fruit, cereal and saturated fat recommendations 
decreased, while consumption of discretionary food and sugar increased. 
 Table 5.8: 
M
ean 2013 revised D
ietary G
uideline Index scores at three tim
e points and m
ixed-effect m
ultilinear regression coefficient to assess 
change in scores betw
een baseline and four-years, W
ellbeing Eating and Exercise for a Long Life study 
 
M
en (n=1,005) 
 
W
om
en (n=1,106) 
 
m
ean ± standard deviation
1 
 
M
ixed-effect m
ultilinear regression 
 
m
ean ± standard deviation
1 
 
M
ixed-effect m
ultilinear regression 
 
2010 
2012 
2014 
 
β 
95%
 C
I 
P-
value 
 
2010 
2012 
2014 
 
β 
95%
 C
I 
P-value 
1. D
iet variety 
4.1 ± 1.3 
4.1 ± 1.3 
4.1 ± 1.4 
 
-0.04 
-0.06 
-0.01 
0.002 
 
4.7 ± 1.4 
4.6 ± 1.3 
4.5 ± 1.4 
 
-0.07 
-0.10 
-0.05 
<0.001 
2. V
egetables 
4.5 ± 2.5 
4.7 ± 2.4 
4.6 ± 2.5 
 
0.06 
0.008 
0.12 
0.025 
 
5.9 ± 2.5 
6.2 ± 2.4 
6.0 ± 2.5 
 
0.04 
-0.01 
0.10 
0.136 
3. Fruit 
7.1 ± 3.2 
7.0 ± 3.2 
7.2 ± 3.2 
 
0.03 
-0.04 
0.10 
0.377 
 
8.4 ± 2.7 
8.4 ± 2.7 
8.2 ± 2.8 
 
-0.08 
-0.14 
-0.03 
0.005 
4. C
ereal 
4.6 ± 2.1 
4.5 ± 2.1 
4.5 ± 2.0 
 
-0.03 
-0.08 
0.02 
0.220 
 
5.5 ± 2.1 
5.4 ± 2.1 
5.3 ± 2.1 
 
-0.09 
-0.14 
-0.04 
<0.001 
5. Lean m
eat 
7.9 ± 1.5 
7.9 ± 1.5 
7.9 ± 1.5 
 
0.005 
-0.03 
0.04 
0.771 
 
8.7 ± 1.3 
8.7 ± 1.3 
8.7 ± 1.3 
 
0.006 
-0.02 
0.04 
0.667 
6. D
airy 
5.8 ± 3.0 
5.9 ± 3.0 
5.9 ± 2.9 
 
0.02 
-0.04 
0.09 
0.449 
 
4.3 ± 2.5 
4.3 ± 2.5 
4.2 ± 2.5 
 
-0.04 
-0.09 
0.01 
0.138 
7. W
ater 
6.4 ± 2.4 
6.3 ± 2.5 
6.3 ± 2.5 
 
-0.08 
-0.34 
-0.02 
0.013 
 
8.0 ± 2.2 
7.8 ± 2.3 
7.7 ± 2.4 
 
-0.12 
-0.18 
-0.07 
<0.001 
8. D
iscretionary 
2.5 ± 4.3 
2.6 ± 4.4 
2.7 ± 4.4 
 
0.11 
-0.003 
0.22 
0.056 
 
3.5 ± 4.8 
3.9 ± 4.9 
4.1 ± 4.9 
 
0.30 
0.19 
0.42 
<0.001 
9. Saturated fat 
7.4 ± 3.0 
7.5 ± 3.0 
7.4 ± 3.0 
 
0.02 
-0.04 
0.08 
0.488 
 
8.7 ± 2.3 
8.7 ± 2.3 
8.5 ± 2.4 
 
-0.10 
-0.15 
-0.05 
<0.001 
10. U
nsat fat 
9.8 ± 1.5 
9.6 ± 2.0 
9.7 ± 1.7 
 
-0.03 
-0.08 
0.02 
0.285 
 
8.4 ± 3.7 
8.0 ± 4.0 
8.5 ± 3.6 
 
0.05 
-0.05 
0.16 
0.304 
11. A
dded salt 
6.1 ± 3.3 
6.2 ± 3.3 
6.3 ± 3.2 
 
0.08 
0.03 
0.13 
0.002 
 
6.9 ± 3.1 
6.9 ± 3.0 
6.8 ± 3.0 
 
-0.04 
-0.09 
0.01 
0.130 
12. Extra sugar 
7.7 ± 4.2 
8.1 ± 3.9 
8.0 ± 4.0 
 
0.14 
0.04 
0.25 
0.007 
 
8.1 ± 4.0 
8.3 ± 3.8 
8.4 ± 3.7 
 
0.18 
0.08 
0.28 
0.001 
13. A
lcohol 
8.4 ± 3.7 
8.6 ± 3.5 
8.6 ± 3.5 
 
0.11 
0.03 
0.20 
0.011 
 
9.5 ± 2.2 
9.5 ± 2.1 
9.5 ± 2.1 
 
0.04 
-0.02 
0.10 
0.156 
Total D
G
I-2013 
82.2±14.2 
82.9±14.1 
83.0±14.1 
 
0.42 
0.16 
0.69 
0.002 
 
90.4±13.4 
90.6±13.1 
90.6±13.1 
 
0.07 
-0.19 
0.33 
0.584 
1. V
alues are m
ean factor scores calculated using baseline factor loadings. Potential ranges for each com
ponent w
as 0-10 and for total D
G
I score 0-130. 
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5.4.5 Predictors of change in dietary patterns 
Principal Component Analysis and predictors of change 
For men, having a high level of education, trying to avoid gaining weight in 2010 
and meeting physical activity recommendations in 2010 were predictors of an 
increase in Factor 1 score (vegetable dishes, fruit, fish and poultry) over four years 
in the fully adjusted model (β=0.14: 95% CI: 0.06, 0.22: P=0.001; β=0.08: 0.01, 
0.15: P=0.023; β=0.09: 0.02, 0.16: P=0.008, respectively) (Table 5.9). Men who 
reported trying to lose weight in 2010 experienced a decrease in Factor 3 score (red 
or processed meat, white bread, fried fish and hot chips) over four years, compared 
to those not trying anything for their weight (β=-0.07: -0.13, -0.01: P=0.018). Men 
who reported being smokers in 2010 experienced an increase in Factor 3 (red or 
processed meat, white bread, fried fish and hot chips) score over the four years 
compared to those who never smoked in the adjusted model (β=0.12: 0.04, 0.20: 
P=0.004).
  
Table 5.9: 
M
ultiple linear regression of predictors of dietary change and principal com
ponent scores over four-years in m
en, W
ellbeing Eating 
and Exercise for a Long Life study
1 
 
 
Factor 1 V
egetable dishes, fruit, fish &
 poultry 
 
Factor 3 R
ed or processed m
eat, w
hite bread, fried fish &
 hot chips 
 
 
M
odel 1
2 
M
odel 2 
 
M
odel 1 
M
odel 2 
 
n 
β 
95%
 C
I 
P-V
alue 
β 
95%
 C
I 
P-V
alue 
 
β 
95%
 C
I 
P-V
alue 
β 
95%
 C
I 
P-V
alue 
Education 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
p to year 10 
239 
R
ef.  
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Y
ear 12, trade or certificate 
393 
0.05 
-0.02 
0.13 
0.150 
0.05 
-0.02 
0.12 
0.172 
 
-0.002 
-0.06 
0.06 
0.952 
-0.001 
-0.06 
0.06 
0.970 
U
niversity degree 
319 
0.17 
0.09 
0.24 
<0.001 
0.14 
0.06 
0.22 
0.001 
 
-0.04 
-0.11 
0.02 
0.195 
-0.04 
-0.11 
0.03 
0.277 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
etired 
329 
0.03 
-0.04 
0.10 
0.401 
0.03 
-0.05 
0.10 
0.495 
 
-0.006 
-0.05 
0.04 
0.790 
0.02 
-0.06 
0.11 
0.600 
R
elationship status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Living as m
arried 
851 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Separated, divorced or w
idow
ed 
99 
-0.01 
-0.11 
0.08 
0.796 
-0.003 
-0.10 
0.09 
0.949 
 
-0.04 
-0.14 
0.07 
0.530 
-0.04 
-0.14 
0.06 
0.443 
N
ever m
arried 
55 
0.02 
-0.13 
0.17 
0.806 
0.04 
-0.12 
0.19 
0.638 
 
0.007 
-0.09 
0.10 
0.881 
0.006 
-0.10 
0.09 
0.906 
W
eight loss intentions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ot trying anything for m
y w
eight 
480 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Trying to avoid gaining w
eight 
265 
0.09 
0.02 
0.15 
0.008 
0.08 
0.01 
0.15 
0.023 
 
-0.06 
-0.12 
-0.0006 
0.048 
-0.05 
-0.11 
-0.007 
0.083 
Trying to lose w
eight  
260 
0.02 
-0.07 
0.11 
0.666 
0.03 
-0.07 
0.13 
0.502 
 
-0.07 
-0.13 
-0.02 
0.010 
-0.07 
-0.13 
-0.01 
0.018 
Sm
oking status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ever sm
oked 
461 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Form
er sm
oker 
432 
-0.04 
-0.10 
0.01 
0.112 
-0.08 
-0.16 
0.007 
0.074 
 
-0.007 
-0.07 
0.05 
0.805 
-0.009 
-0.07 
0.05 
0.775 
C
urrent sm
oker 
112 
-0.09 
-0.21 
0.03 
0.154 
-0.10 
-0.26 
0.07 
0.235 
 
0.12 
0.04 
0.19 
0.003 
0.12 
0.04 
0.20 
0.004 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
eeting PA
 guidelines 
525 
0.11 
0.04 
0.17 
0.003 
0.09 
0.02 
0.16 
0.008 
 
-0.02 
-0.06 
0.03 
0.477 
-0.007 
-0.05 
0.04 
0.745 
D
iagnosis of C
M
-related condition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o C
M
-related conditions 
384 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
D
iagnosed prior to 2010 
491 
0.03 
-0.04 
0.10 
0.352 
0.06 
-0.01 
0.14 
0.111 
 
0.02 
-0.03 
0.06 
0.528 
0.02 
-0.03 
0.06 
0.466 
N
ew
ly diagnosed w
ithin 2010-
2014 
130 
0.04 
-0.10 
0.18 
0.593 
0.06 
-0.08 
0.20 
0.385 
 
-0.07 
-0.15 
-0.01 
0.101 
-0.07 
-0.15 
0.02 
0.102 
1. B
aseline characteristics unless otherw
ise indicated. A
bbreviations: C
M
- cardiom
etabolic; C
I- confidence interval; R
ef.- R
eference category; PA
- Physical A
ctivity. 
2. M
odel 1: adjusted for sam
pling postcode clustering and baseline PC
A
 score. M
odel 2: adjusted for m
odel 1 and additionally adjusted for age, body m
ass index, sm
oking and physical activity. 
 
Chapter 5: Longitudinal changes in dietary patterns 
147 
For women, trying to lose weight in 2010 predicted a decrease in Factor 1 score 
(vegetables, fruit and fish) over four years, compared to women not trying 
anything, however this was no longer significant after adjusting for covariates (β=-
0.07: -0.16, 0.01: P=0.088) (Table 5.10). Meeting physical activity 
recommendations in 2010 was a significant predictor of increased Factor 1 score 
(vegetables, fruit and fish) over four years but the association attenuated after 
adjustment for covariates (β=0.06: -0.0009, 0.12: P=0.054). Having a university 
degree or higher was the only predictor of change in Factor 2 score (cakes, 
processed meat, hot chips and confectionary), predicting an increase in score over 
the four years, however this association was no longer significant after adjustment 
for covariates (β=-0.02: -0.04, 0.001: P=0.065). 
 
 Table 5.10: 
M
ultiple linear regression of predictors of dietary change and principal com
ponent scores at four-years in w
om
en, W
ellbeing 
Eating and Exercise for a Long Life study
1 
 
 
Factor 1 V
egetables, fruit, &
 fish 
 
Factor 2 C
akes, processed m
eat, hot chips &
 confectionary 
 
 
M
odel 1
2 
M
odel 2
2 
 
M
odel 1
2 
M
odel 2
 
 
n 
β 
95%
 C
I 
P-
V
alue 
β 
95%
 C
I 
P-
V
alue 
 
β 
95%
 C
I 
P-
V
alue 
β 
95%
 C
I 
P-
V
alue 
Education 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
up to year 10 
400 
R
ef.  
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Y
ear 12, trade or certificate 
353 
0.03 
-0.06 
0.11 
0.517 
0.03 
-0.05 
0.11 
0.489 
 
-0.01 
-0.03 
0.009 
0.248 
-0.01 
-0.03 
0.01 
0.314 
U
niversity degree 
352 
0.05 
-0.04 
0.13 
0.277 
0.04 
-0.05 
0.12 
0.403 
 
-0.02 
-0.05 
-0.003 
0.029 
-0.02 
-0.04 
0.001 
0.065 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
etired 
499 
-0.03 
-0.09 
0.03 
0.315 
-0.05 
-0.11 
0.008 
0.091 
 
0.001 
-0.02 
0.02 
0.893 
-0.007 
-0.03 
0.01 
0.499 
R
elationship status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Living as m
arried 
854 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Separated, divorced or w
idow
ed 
208 
-0.01 
-0.10 
0.07 
0.774 
-0.002 
-0.09 
0.09 
0.968 
 
-0.04 
-0.04 
0.01 
0.289 
-0.02 
-0.04 
0.006 
0.126 
N
ever m
arried 
43 
-0.02 
-0.19 
0.14 
0.765 
-0.02 
-0.18 
0.15 
0.830 
 
-0.007 
-0.06 
0.05 
0.797 
0.006 
-0.06 
0.05 
0.815 
W
eight loss intentions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ot trying anything for m
y w
eight 
480 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Trying to avoid gaining w
eight 
265 
-0.01 
-0.08 
0.06 
0.788 
-0.02 
-0.09 
-0.17 
0.577 
 
-0.01 
-0.03 
0.003 
0.093 
-0.01 
-0.03 
0.005 
0.185 
Trying to lose w
eight  
260 
-0.09 
-0.17 
-0.02 
0.017 
-0.08 
-0.16 
0.006 
0.067 
 
0.009 
-0.03 
0.01 
0.418 
-0.004 
-0.03 
0.02 
0.746 
Sm
oking status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ever sm
oked 
640 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Form
er sm
oker 
373 
-0.06 
-0.13 
0.02 
0.121 
-0.06 
-0.13 
0.02 
0.147 
 
-0.01 
-0.03 
0.008 
0.242 
-0.01 
-0.03 
0.009 
0.301 
C
urrent sm
oker 
92 
-0.11 
-0.24 
0.02 
0.108 
-0.10 
-0.24 
0.01 
0.102 
 
0.03 
-0.004 
0.06 
0.166 
0.03 
-0.01 
0.07 
0.142 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
eeting PA
 guidelines 
634 
0.07 
0.01 
0.13 
0.019 
0.06 
-0.0009 
0.12 
0.054 
 
-0.008 
-0.03 
0.01 
0.425 
-0.006 
-0.03 
0.01 
0.512 
D
iagnosis of C
M
-related condition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o C
M
-related conditions 
491 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
D
iagnosed prior to 2010 
493 
-0.03 
-0.10 
0.04 
0.419 
-0.006 
-0.08 
0.07 
0.882 
 
0.002 
-0.02 
0.02 
0.830 
-0.003 
-0.02 
0.01 
0.769 
N
ew
ly diagnosed w
ithin 2010-2014 
121 
-0.10 
-0.22 
0.02 
0.113 
-0.09 
-0.21 
0.04 
0.187 
 
-0.02 
-0.04 
0.009 
0.199 
-0.02 
-0.05 
0.004 
0.113 
1. B
aseline characteristics unless otherw
ise indicated. A
bbreviations: C
M
- cardiom
etabolic; C
I- confidence interval; R
ef.- R
eference category; PA
- Physical A
ctivity. 
2. M
odel 1: adjusted for sam
pling postcode clustering and baseline PC
A
 score. M
odel 2: adjusted for m
odel 1 and additionally adjusted for age, body m
ass index, sm
oking and physical activity. 
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Cluster Analysis and predictors of change 
In women, the relative risk (RR) of staying in Cluster 1 (fruit and vegetables) 
compared to transitioning into Cluster 2 (refined grains and sugars) by 2014 was 
higher in those with a university degree compared to being educated up to year 10 
only (RR=1.97: 95% CI 1.33, 2.90: P=0.001) and in those who were meeting 
physical activity recommendations in 2010 (RR=1.91: 1.34, 2.72: P<0.001 for 
meeting physical activity recommendations (Table 5.11). Women who reported 
being smokers had a lower relative risk of staying in Cluster 1 (fruit and 
vegetables) over four years compared to transitioning into Cluster 2 (refined grains 
and sugars) (RR=0.29: 0.13, 0.64: P=0.002). Those who were newly diagnosed 
with a cardiometabolic-related condition within 2010-2014 compared to not ever 
being diagnosed had a lower relative risk of staying in Cluster 1 (fruit and 
vegetables) compared to transitioning into Cluster 2 (refined grains and sugars) in 
the four years (RR=0.56: 0.32, 0.98: P=0.041). 
The relative risk of moving to Cluster 1 (fruit and vegetables) compared to Cluster 
2 (refined grains and sugars) was higher for women who had a university degree or 
higher, compared to those with education up to year 10 and lower for those who 
reported being retired in 2010 (RR=1.66: 1.11, 2.48: P=0.013 and RR=0.71: 0.52, 
0.97: P=0.017, respectively).  
The relative risk of staying in Cluster 2 (refined grains and sugars) across the four 
years compared to moving to Cluster 2 was lower for women who reported trying 
to lose weight in 2010 compared to those not trying anything and those who 
reported they used to smoke (RR=0.50: 0.30, 0.84: P=0.008 and RR=0.66: 0.45, 
0.96: P=0.029, respectively). Women who reported being separated compared to 
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married in 2010, who reported being retired in 2010 and women who were meeting 
physical activity recommendations in 2010 had a higher risk of staying in Cluster 2 
(refined grains and sugars) across the four years compared to transitioning to 
Cluster 2 (RR=0.57: 0.35, 0.94: P=0.028; RR=1.65: 1.09, 2.49: P=0.018 and 
RR=1.73: 1.20, 2.49: P=0.033, respectively). 
 
  
Table 5.11: 
M
ultinom
ial logistic regression of predictors of dietary change and the transition or stability in dietary clusters over four-years in 
w
om
en, W
ellbeing Eating and Exercise for a Long Life study
1 
 
C
luster 1 fruit and vegetable
 
 
C
luster 2 refined grains and sugars 
 
R
em
ained in cluster 1 
n=221 (20%
) 
Transitioned to cluster 1 
n=211 (19%
) 
 
R
em
ained in cluster 2 
n=156 (14%
) 
Transitioned 
to cluster 2 
n=518 (47%
) 
 
M
odel 1
2 
M
odel 2
2 
M
odel 1 
M
odel 2 
 
M
odel 1 
M
odel 2 
 
 
R
R
3 
95%
 C
I 3 
R
R
 
95%
 C
I 
R
R
 
95%
 C
I 
R
R
 
95%
 C
I 
 
R
R
 
95%
 C
I 
R
R
 
95%
 C
I 
 
Education 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
p to year 10 
R
ef.  
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
Y
ear 12, trade or certificate 
1.61 
1.08 
2.39* 
1.58 
1.07 
2.35* 
1.46 
0.99 
2.15 
1.46 
0.98 
2.16 
 
0.90 
0.62 
1.32 
0.93 
0.64 
1.34 
R
ef. 
U
niversity degree and higher 
2.28 
1.59 
3.27** 
1.97 
1.33 
2.90** 
1.78 
1.20 
2.63* 
1.66 
1.11 
2.48* 
 
0.59 
0.36 
0.97* 
0.62 
0.38 
1.01 
R
ef. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
etired 
1.08 
0.75 
1.54 
1.08 
0.75 
1.54 
0.71 
0.52 
0.97* 
0.66 
0.47 
0.93* 
 
1.58 
1.12 
2.21* 
1.65 
1.09 
2.49* 
R
ef. 
R
elationship status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
arried 
R
ef. 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
Separated 
0.82 
0.52 
1.29 
0.93 
0.58 
1.50 
0.91 
0.61 
1.36 
0.97 
0.64 
1.48 
 
0.56* 
0.34 
0.91 
0.57 
0.35 
0.94* 
R
ef. 
N
ever m
arried  1.25 
0.61 
2.58 
1.28 
0.62 
2.65 
0.84 
0.33 
0.52 
0.86 
0.36 
2.05 
 
0.75 
0.28 
2.03 
0.79 
0.29 
2.15 
R
ef. 
W
eight loss intentions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ot trying anything for m
y w
eight 
R
ef. 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
Trying to avoid gaining w
eight 
1.48 
1.06 
2.07* 
1.36 
0.97 
1.91 
0.64 
0.39 
1.05 
1.05 
0.70 
1.57 
 
0.64 
0.39 
1.05 
0.69 
0.41 
1.15 
R
ef. 
Trying to lose w
eight  1.06 
0.72 
1.55 
1.24 
0.81 
1.90 
0.45 
0.28 
0.73** 
0.68 
0.42 
1.08 
 
0.45 
0.28 
0.73** 
0.50 
0.30 
0.84* 
R
ef. 
Sm
oking status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
on sm
oker 
R
ef. 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
U
se to sm
oke 
0.82 
0.60 
1.12 
0.84 
0.60 
1.17 
0.86 
0.59 
1.24 
0.87 
0.60 
1.25 
 
0.66 
0.45 
0.95* 
0.66 
0.45 
0.96* 
R
ef. 
Sm
oker 
0.29 
0.13 
0.62** 
0.29 
0.13 
0.64* 
0.59 
0.32 
1.09 
0.58 
0.32 
1.08 
 
0.65 
0.39 
1.10 
0.61 
0.36 
1.03 
R
ef. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
eeting PA
 guidelines 
2.16 
1.52 
3.08** 
1.91 
1.34 
2.72** 
1.33 
0.99 
1.78* 
1.22 
0.90 
1.65 
 
0.61 
0.43 
0.87* 
0.58 
0.40 
0.83* 
R
ef. 
D
iagnosis of C
M
-related condition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o C
M
-related conditions 
R
ef. 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
R
ef. 
 
 
 
 
 
 
D
iagnosed prior to 2010 
0.67 
0.51 
0.88* 
0.84 
0.63 
1.12 
0.75 
0.54 
1.05 
0.85 
0.61 
1.20 
 
0.94 
0.63 
1.40 
0.94 
0.62 
1.44 
R
ef. 
N
ew
ly diagnosed w
ithin 2010-
2014 
0.48 
0.28 
0.84* 
0.56 
0.32 
0.98* 
0.67 
0.39 
1.14 
0.72 
0.41 
1.28 
 
0.58 
0.30 
1.12 
0.57 
0.29 
1.09 
R
ef. 
1. B
aseline characteristics unless otherw
ise indicated. A
bbreviations: C
M
- cardiom
etabolic; C
I- confidence interval; R
ef.- R
eference category; PA
- Physical A
ctivity. * P<0.05, **P<0.001 
2. M
odel 1: adjusted for sam
pling postcode clustering and baseline PC
A
 score: M
odel 2: adjusted for m
odel 1 and additionally adjusted for age, body m
ass index, sm
oking and physical activity. 
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2013 revised Dietary Guideline Index and predictors of change 
Compared to those that never smoked, being a smoker in 2010 was associated with 
a decrease in diet quality (β=-4.77: -6.76, -2.78: P<0.001; β=-4.11: -6.92, -1.31: 
P=0.005 for men and women, respectively) (Table 5.12). A diagnosis of a 
cardiometabolic-related condition prior to 2010 was associated with an increase in 
diet quality in men over four years compared to not having been diagnosed 
(β=1.25: 0.09, 0.58: P=0.035). There were no other significant results for men or 
women. 
 
 
 Table 5.12: 
M
ultiple linear regression of predictors of dietary change and diet quality at four-years in m
en and w
om
en, W
ellbeing Eating and 
Exercise for a Long Life study
1 
 
M
en (n=1,005) 
 
W
om
en (n=1,106) 
 
 
M
odel 1
2 
M
odel 2 
 
M
odel 1 
M
odel 2 
 
n 
β 
95%
 C
I 3 
P-V
alue 
β 
95%
 C
I 
P-V
alue 
 
n 
β 
95%
 C
I 
P-V
alue 
β 
95%
 C
I 
P-V
alue 
Education 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
U
p to year 10 
239 
R
ef.  
- 
- 
- 
R
ef. 
- 
- 
- 
 
400 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Y
ear 12, trade/apprenticeship or 
certificate/diplom
a 
393 
0.0 
-1.37 
1.42 
0.970 
-0.01 
-1.36 
1.34 
0.988 
 
353 
0.45 
-0.99 
1.90 
0.535 
0.42 
-1.01 
1.85 
0.562 
U
niversity degree and higher 
319 
1.24 
-0.36 
2.83 
0.128 
0.78 
-0.85 
2.42 
0.334 
 
352 
-0.09 
-1.53 
1.35 
0.902 
-0.19 
-1.64 
1.26 
0.792 
W
eight loss intentions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ot trying anything for m
y w
eight 
480 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
480 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Trying to avoid gaining w
eight 
265 
1.21 
-0.15 
2.56 
0.080 
0.95 
-0.45 
3.34 
0.180 
 
265 
0.97 
-0.39 
2.34 
0.160 
0.87 
-0.53 
2.27 
0.221 
Trying to lose w
eight  260 
0.86 
-0.79 
2.51 
0.302 
0.71 
-1.10 
2.52 
0.437 
 
260 
-0.09 
-1.80 
1.61 
0.912 
-0.02 
-1.81 
1.86 
0.979 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
etired 
329 
0.58 
-0.64 
1.80 
0.349 
0.46 
-0.88 
1.79 
0.498 
 
499 
0.17 
-1.16 
1.50 
0.800 
0.25 
-1.19 
1.68 
0.732 
R
elationship status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
arried 
851 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
854 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
Separated 
99 
0.50 
-1.39 
2.40 
0.598 
0.70 
-1.19 
2.60 
0.463 
 
208 
0.73 
-0.89 
2.35 
0.201 
1.20 
-0.33 
2.74 
0.123 
N
ever m
arried  
55 
0.20 
-2.03 
2.43 
0.857 
0.26 
-2.13 
2.65 
0.830 
 
43 
2.81 
-0.49 
6.10 
0.094 
2.86 
-0.33 
6.04 
0.078 
Sm
oking status 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
on sm
oker 
461 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
640 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
U
se to sm
oke 
432 
-1.83 
-3.16 
-0.49 
0.008 
-1.87 
-3.24 
-0.50 
0.008 
 
373 
-1.86 
-2.91 
-0.74 
0.001 
-1.87 
-2.99 
-0.75 
0.001 
Sm
oker 
112 
-4.89 
-6.88 
-2.90 
<0.001 
-4.77 
-6.76 
-2.78 
<0.001 
 
92 
-4.07 
-6.87 
-1.28 
0.005 
-4.11 
-6.92 
-1.31 
0.005 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
M
eeting PA
 guidelines 
525 
0.89 
-0.32 
2.11 
0.147 
0.71 
-0.43 
1.86 
0.219 
 
634 
0.47 
-0.86 
1.80 
0.486 
0.32 
-1.04 
1.67 
0.645 
D
iagnosis of C
M
-related condition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o C
M
-related conditions 
384 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
 
491 
R
ef. 
- 
- 
- 
R
ef. 
- 
- 
- 
D
iagnosed prior to 2010 
491 
1.10 
-0.03 
2.23 
0.056 
1.25 
0.09 
2.42 
0.035 
 
493 
0.30 
-1.05 
1.64 
0.661 
0.65 
-0.71 
2.00 
0.345 
N
ew
ly diagnosed w
ithin 2010-2014 
130 
1.51 
-0.48 
3.50 
0.135 
1.70 
-0.20 
3.61 
0.079 
 
121 
0.70 
-1.41 
2.80 
0.512 
0.95 
-1.25 
3.15 
0.391 
1. B
aseline characteristics unless otherw
ise indicated. A
bbreviations: C
M
- cardiom
etabolic; C
I- confidence interval; R
ef.- R
eference category; PA
- Physical A
ctivity. 
2. M
odel 1: adjusted for sam
pling postcode clustering and baseline PC
A
 score. M
odel 2: adjusted for m
odel 1 and additionally adjusted for age, body m
ass index, sm
oking and physical activity. 
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5.5 Discussion 
This longitudinal study adds to the limited research regarding dietary patterns over 
time, allowing measurement and description of change in dietary patterns. This 
chapter described predictors of dietary change, adding to the extensive cross-
sectional studies that have established determinants of dietary patterns. Few studies 
have explored change in dietary patterns longitudinally, with most assessing diet at 
just one time point. Stability of dietary patterns across time was highlighted in this 
study, with two patterns consistently identified; a healthy and an unhealthy dietary 
pattern, in men and women. It was found that a higher level of education, not 
smoking and meeting the physical activity recommendations were predictors of a 
positive change in dietary patterns.  
Change in the dietary patterns of peri-retirement aged adults 
Principal component analysis identified a dietary pattern consisting of healthier 
foods including vegetables, fruit and fish and another that consisted of less healthy 
foods including processed meats and refined grains in both men and women. 
Although there were differences in patterns between sex at baseline, by 2014 these 
dietary patterns in men and women were almost equal (coefficient of congruence 
0.95 and 0.93; data not presented). Factor scores (based on the 2010 patterns) 
decreased over four years for all dietary patterns identified in men and women, 
indicating that participants may have reported an overall decrease in the frequency 
of consumption of key food groups. 
There is little data available that explores trends in absolute values of food intake 
in this population of peri-retirement older adults. However, a comparison of the 
daily food intake of persons aged 45-64 years in the Australian 1995 National 
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Nutrition Survey (McLennan & Podger, 1999) with persons aged 51-70 years in 
the 2011-2012 Australian Health Survey (Australian Bureau of Statistics, 2014b) 
shows there was a decrease in grams per day for almost all food groups, except 
cereal, fish, confectionary and alcoholic beverages, which increased, over the 15 
year period. For example, fruit and vegetable consumption decreased by 11 grams 
and 100 grams per day between 1995 and 2012, respectively (Australian Bureau of 
Statistics, 2014b; McLennan & Podger, 1999). A decline in food intake could be 
due to the decreased energy requirements as people age (National Health and 
Medical Research Council, 2006). However it is uncertain if the age-related 
decline in energy needs would result in a noticeable decrease in food consumption 
within a relatively short period such as in the current study (four years). A decline 
in fruit and vegetable consumption has been seen previously in 55 to 64 year olds 
in the US over 10 years (Blanck, Gillespie, Kimmons, Seymour, & Serdula, 2008). 
Similarly, a decline in foods containing carbohydrates and sugars has also been 
shown over 17 years (Makarem, Scott, Quatromoni, Jacques, & Parekh, 2014), 
while, foods containing fat and protein increased (Vadiveloo, Scott, Quatromoni, 
Jacques, & Parekh, 2014). Similar trends were reported in analysis of the US 
National Health and Nutrition Examination Survey (Wright & Wang, 2010). 
In the current study, cluster analysis produced two clusters in men in 2012 and 
2014 that had limited interpretability. On comparing the mean food group 
frequencies between these clusters it was found that the frequency of food 
consumption was a key difference between clusters, with Cluster 1 having higher 
mean frequency of intake for all food groups compared to Cluster 2 that had lower 
mean frequency of intake. These patterns are difficult to interpret or translate into 
practise and therefore, they were not used in further analyses. For women however, 
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three distinct clusters were identified in 2012 that were qualitatively similar to 
those in 2010. In 2014 only two clusters were identified which had comparable 
traits to two clusters in 2010. Cluster 1 was characterised by higher consumption of 
foods considered healthier such as vegetables and fruit, while Cluster 2 was 
characterised by high consumption of less health foods such as refined grains and 
sugar. The analysis of the Kappa statistic demonstrated that only 34% of women 
remained stable in their initial cluster over the four years. This is similar to 
previous findings in men and women (Dekker et al., 2013; Harrington et al., 2014). 
These studies, along with the current study, have identified consistent clusters over 
time, however on further examination the stability of individuals is not high. This 
highlights the importance of using repeated measures of dietary assessment in 
longitudinal studies in order to capture the complex nature of diet (Dekker et al., 
2013; Mishra et al., 2006). 
In the current study, diet quality as assessed by the DGI-2013 increased from 2010 
to 2014 in men, while no change was found in women. Previous research has 
shown positive changes in diet quality scores over time (Fung et al., 2007; Hu, 
Stampfer, et al., 2000; Mertens et al., 2015). Trends in the individual DGI-2013 
components differed, with men making some positive changes to their diet by 
increasing compliance with the vegetable guideline and decreasing their salt use, 
extra sugar and alcohol consumption. However, diet variety, a positive dietary 
behaviour, also decreased. Poorer dietary changes were identified in women, with 
a decrease in diet variety, fruit and water intake and an increase in saturated fat, 
while reduced discretionary foods and extra sugar intake was seen. Compliance to 
the overall Australian Dietary Guidelines remained low, with an overall mean 
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DGI-2013 score of 83.1 ± 14.1 and 90.6 ± 13.1 for men and women, respectively 
in 2014, out of a total achievable score of 130. 
It may be that the decrease in diet variety in men and women resulted from the 
overall decrease in food intake observed in the analysis of the PCA-derived dietary 
patterns (indicated by the negative change for all factor scores). There has been 
mixed results in previous studies with respect to diet variety and age. Some studies 
have reported increased diet variety with age (Drewnowski, Henderson, Driscoll, 
& Rolls, 1997; Vadiveloo, Dixon, Mijanovich, Elbel, & Parekh, 2014; Vadiveloo, 
Dixon, Mijanovich, Elbel, & Parekh, 2015), while others have shown a decrease 
(Michels & Wolk, 2002). Measuring diet variety in the current study may be 
limited by the use of a FFQ to collect dietary intake information with a restricted 
number of food items included. Both men and women demonstrated an increase in 
compliance with the guideline to reduce extra sugar intake and men reduced their 
added salt use. Previous research suggested that preference for sweet food declines 
with age (Desor & Beauchamp, 1987; Drewnowski, 2000) and a study on 
consumer awareness and salt use behaviours in Australia (n=1084: 14-85 years) 
found that older people were more concerned and had better knowledge about the 
adverse effects of salt than younger people (Webster, Li, Dunford, Nowson, & 
Neal, 2010). It is possible that men in the current study were consciously lowering 
their salt use contributing to the increased compliance to this guideline. The use of 
added salt in cooking and in meals was assessed for the DGI-2013, but salt intake 
through the consumption of processed foods was not available. However, avoiding 
foods high in salt would reward individuals in the discretionary food component, 
and may have contributed to the increased compliance with discretionary food seen 
in women. 
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We found that more men were meeting the recommendation of no more than two 
alcoholic drinks per day in 2014 compared to 2010. Alcohol consumption has a 
mixed relationship with health outcomes such as coronary heart disease, with 
evidence to suggest a dose-dependant relationship in a U or J shaped fashion in 
older adults (Ferreira & Weems, 2008). However the Australian Dietary 
Guidelines maintain that abstainers have better health outcomes than heavy 
drinkers (National Health and Medical Research Council, 2013b), which is 
therefore reflected in the DGI-2013. In the 2011-13 Australian national health 
survey, a decrease in the volume of alcohol consumed was seen across the whole 
population of Australians (Australian Bureau of Statistics, 2014a). Influences on 
alcohol consumption are likely to be multifactorial ranging from social to 
psychological factors and are beyond the scope of the current WELL study. 
Predictors of dietary change 
We found that higher education and positive lifestyle characteristics including not 
smoking, meeting physical activity recommendations and avoiding weight gain 
tended to predict favourable change in dietary patterns. Our results are in line with 
previous studies (Arabshahi et al., 2011; Prevost et al., 1997). For example, a 
previous Australian study (n=1,511; 25-75 years) explored predictors of diet 
quality over 15 years and identified younger age, higher occupation levels (men 
only), and low to medium levels of physical activity compared to being sedentary 
as independent predictors of improved diet quality (Arabshahi et al., 2011). 
Smoking status and previous diagnosis of a cardiometabolic-related condition were 
the only factors able to predict change in the DGI-2013. However, as there was 
very little over change in DGI-2013 score power was limited in this analysis. 
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It is well understood that higher education is often associated with more favourable 
diet (Kant, 2004; Northstone, Smith, Newby, & Emmett, 2013; Schulze, 
Hoffmann, Kroke, & Boeing, 2001). In the current study we found that a higher 
level of education predicted positive dietary changes or higher stability in a healthy 
dietary pattern. This is consistent with the results of previous studies (Dekker et al., 
2013; Harrington et al., 2014; Lee et al., 2007; Walthouwer, Oenema, Soetens, 
Lechner, & de Vries, 2014). The relationship between diet and socioeconomic 
position is complex (Mishra et al., 2002) and there is a need to consider those with 
low socioeconomic position when targeting nutritional messages. 
Smoking is often coupled with other negative health behaviours such as poor diet 
and physical inactivity and the combined effects of these risk factors lead to poor 
health outcomes (Loef & Walach, 2012). This was supported in the current study, 
in that smoking predicted a decrease in diet quality over time and not meeting 
physical activity recommendations predicted a decrease in positive dietary 
patterns. In line with this, in the 1958 British Birth Cohort those who increased 
their physical activity between the age of 33 and 42 years, also made 
improvements in diet (Parsons, Power, & Manor, 2006). Interestingly, our results 
from cluster analysis identified that those who transitioned from the less healthy 
cluster to the more healthy clusters had similar characteristics to those who stayed 
in the less healthy cluster (data not shown). A key difference between these groups 
was that a higher proportion of the older adults within the cluster who transitioned 
into the healthier cluster were trying to lose weight and were meeting physical 
activity recommendations. 
It is interesting to note that the diagnosis of a cardiometabolic-related condition 
might cause worsening of the dietary cluster in women, but not men. Perhaps this 
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indicates poor health in women that leads to less ability or time to shop or cook. 
For men, it is possible their dietary cluster doesn’t change because they are not the 
primary person responsible for food shopping and preparation (Adams & White, 
2015; Marshall & Anderson, 2000), which may be a stronger influence in this 
aspect of diet than men themselves. Further work in this area would be helpful in 
determining how the dietary patterns post diagnosis could be improved. 
Challenges in using dietary pattern methodologies in longitudinal studies 
Comparison of dietary pattern identified by the empirical-based techniques across 
different time points presents challenges. Since PCA and cluster analysis identify 
patterns within the available data, assessing the derived patterns among different 
data sets, for example, at different time points, may result in different patterns 
being identified. For PCA, calculating PCA factor scores based on the baseline 
factor loadings rather than comparing the dietary patterns identified at each time 
point helps to overcome these concerns. However, this technique is limited if the 
dietary patterns are not similar across time or when comparing different population 
groups. In the current study we found that the PCA-derived patterns were 
comparable across time in terms of the types of food present. However, in men the 
coefficient of congruence indicated that the identified patterns were not equal at 
each time point. This suggests that similar food groups loaded highly on the dietary 
patterns across time, however their factor loadings or weightings were different. 
Few studies have explored empirically derived dietary patterns longitudinally 
(Dekker et al., 2013; Fung et al., 2007; Harrington et al., 2014; Lee et al., 2007; 
Lioret, Betoko, Forhan et al., 2015; Mishra et al., 2006; Newby et al., 2006; 
Prevost et al., 1997). Mishra et al. (2006) used exploratory factor analysis to 
determine dietary patterns at baseline, and similar to the present study, they used 
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an equation defined at baseline to calculate the diet scores at two follow-up times. 
Using this approach enables researchers to assess the changes in dietary pattern 
identified at baseline but does not allow for new dietary patterns that may have 
emerged over time (Northstone & Emmett, 2008). However, there are some 
variations in the literature on how to calculate dietary pattern scores in longitudinal 
studies (Schulze et al. 2003). For example, Mishra et al. (2006) used a simplified 
score that summed the un-weighted standardised input variables that loaded highly 
on each pattern (Mishra et al., 2006). Currently there is no consensus in the field 
and more work is required.  
The categorical nature of dietary clusters meant that cluster analysis must be run at 
each time point to derive dietary cluster. Calculating a score like in PCA is not 
possible. To explore predictors of stability of clusters over time in the current 
study, categories were created according to cluster stability. A similar technique 
has been used previously (Dekker et al., 2013; Harrington et al., 2014; Northstone 
et al., 2013). This technique allows researchers to take the emergence or 
disappearance of clusters into account but can be limited by the number of 
categories required to adequately categorise individuals. 
On the other hand, dietary patterns assessed using diet quality scores are much 
simpler to compare over time since they are not data-driven and are constant across 
time. However, as diet quality indices are based on prior knowledge or existing 
national guidelines they require significant work to design them and to ensure 
validity prior to use. A limitation of interpreting the overall diet quality score is 
that it encompasses several components of different aspects of a quality. From the 
total score it is not possible to determine how participants are scoring on each of 
the components. For example two identical total scores could be obtained from 
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different combinations of component scores. It is possible that there are different 
predictors of change for the separate components of diet quality and a more 
detailed data reduction technique of the components may be required to explore 
these associations further. 
Strengths and limitations 
A limitation of this study was the short follow-up period, which meant that very 
few participants experienced change in predictor variables. For example few 
participants experienced a change in retirement status or marital status, which 
meant that we could not explore these as time-varying predictors. This study was 
nested within a longitudinal study with the aim of long term follow-up where 
eventually all participants are likely to go through some form of transition. These 
transitions may not have been covered with the 2 and 4 year follow-up of this 
thesis. Different dietary pattern methodologies make comparison between studies 
difficult. As previously discussed in Section 4.5, there are a number of 
methodological decisions in dietary pattern analysis and this makes comparisons 
over time even more complex. This study adds to the limited literature of 
longitudinal dietary pattern and dietary patterns of peri-retirement aged adults. 
Further work is required to determine the optimal technique used to compare 
dietary patterns over time. 
5.6 Conclusion 
In this sample of peri-retirement aged adults the dietary patterns identified across 
three time points (four years) remained the same in women, however there were 
variations in the patterns observed for men. Further exploration showed that there 
were changes within these patterns over time. These included an overall reduced 
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frequency of food consumption, little stability for individuals within the identified 
dietary clusters as well as significant changes in the individual component of the 
diet quality index. This highlights the complex nature of diet at an individual level. 
Each of the three dietary pattern methods employed had different strengths and 
weaknesses. Although the empirical-derived patterns provided insight on present 
dietary patterns, they were difficult to evaluate when they differed over time. On 
the other hand the continuous nature of the dietary quality index was easier to 
compare across time. Several predictors of changes in dietary patterns were 
identified, with higher education and positive baseline lifestyle characteristics 
tending to predict an increase in healthier dietary patterns or predicted stability of a 
healthy pattern. This is in line with the previous research and provides insight into 
how health professionals and researchers can predict dietary change or stability in 
individuals. 
Further to understanding how dietary patterns change, understanding how they are 
associated with cardiometabolic risk would help drive future public health 
initiatives. Comparing how the different dietary patterns methodologies are 
associated with cardiometabolic risk outcome will also inform future research in 
the field.
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Chapter 6: Dietary patterns and 
cardiometabolic risk among older adults 
6.1 Introduction 
Since diet is a key risk factor for many cardiometabolic diseases, it is important to 
understand the association between dietary patterns and cardiometabolic risk 
factors such as BMI, glucose metabolism, lipid profile and inflammation. Diet is a 
long-term exposure, however many studies have assessed diet at just one time 
point. The results of the previous chapter suggest that individuals may experience 
change in dietary patterns over time. Therefore this should be considered when 
assessing the relationship between diet and cardiometabolic risk. 
This chapter describes analysis of the WELL Heart Health study that explores the 
relationship between a change in dietary patterns and biomarkers of 
cardiometabolic risk. The participants, measures and statistical analysis used are 
outlined followed by the results of the analysis. 
6.2 Aim 
The aims of this chapter are to investigate the association of longitudinal change in 
dietary patterns with cardiometabolic risk among adults 55 year and over, and to 
compare these results between PCA, cluster analysis and the DGI-2013. 
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6.3 Methodology 
This study is based on the data collected in the 2010 and 2012 WELL 
questionnaires as well as data collected in the 2012 Heart Health study 
questionnaire. The analysis is based on 779 participants who were involved in the 
WELL sub-study (n=363 men and 416 women) (Section 3.4.2). 
6.3.1 Measures 
Dietary patterns 
Participant’s dietary intake information was collected in 2010 and in 2012 via an 
111-item FFQ, which assessed diet in the previous 6 months, as well as several 
additional food and dietary behaviour questions (Section 3.3.2). The FFQ food 
items were converted to daily equivalents and categorised into 52 food groups for 
use in the empirical dietary assessment methods (Table 4.2). The dietary pattern 
assessment methods were described in detail in Section 4.3 of this thesis. The 
resulting patterns identified in 2010 are described in Section 4.4 and the dietary 
patterns identified in 2012 are described in Section 5.4. 
Biomarkers 
A fasted morning blood sample was taken by a phlebotomist at a commercial 
pathology laboratory as part of the Heart Health study in 2012 (Section 3.4.2). The 
biomarkers measured were recognised to be important in the development and 
prediction of cardiometabolic disease (Alberti et al., 2006; World Health 
Organization, 2009) and are also known indicators of dietary exposure (Calder et 
al., 2011; World Health Organization, 2009). These included glucose, insulin, 
HbA1c, serum lipid profile, Ultrasensitive C-reactive protein, interleukin 1b, 
interleukin 6, interleukin 8 and tumour necrosis factor alpha. Ensuring a fasting 
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sample was important for several of the measured biomarkers, such as glucose, 
insulin and cholesterol to avoid postprandial effects on the measured 
concentrations (American Diabetes Association, 2012b; Lab Tests Online 
Australasia, 2016). In addition, categorical variables were created to reflect 
clinically significant cut-offs using established criteria, including the homeostatic 
model assessment for insulin resistance (HOMA-IR) (Matthews et al., 1985), a 
diabetes risk classification (World Health Organization, 2000; World Health 
Organization, 2011) and a dyslipidemia classification (Australian Bureau of 
Statistics, 2013b). 
Body mass index 
BMI (kg/m2) was calculated from weight reported in the Heart Health study 
divided by height (reported in 2010) squared.  
Glucose metabolism 
Indicators of glucose metabolism were measured at the Dorevtich pathology 
laboratory. These measures included plasma glucose, serum insulin and glycated 
haemoglobin (HbA1c) using Siemens ADVIA 2400 Chemistry System (Siemens 
Healthcare Diagnostics Inc., Tarrytown, NY, USA), Immulite 2000 immunoassay 
system (Siemens, Tarrytown, NY, USA) and Roche Integra (Roche Diagnostics 
Limited, CH-6343 Rotkreuz, Switzerland), respectively. HOMA-IR provides an 
estimate of insulin sensitivity and is widely used in clinical and epidemiological 
studies (d'Emden et al., 2012; Wallace et al., 2004). HOMA-IR was calculated 
using the following formula (Matthews et al., 1985): 
         
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A categorical variable that indicated ‘diabetes risk’ was determined by clinically 
significant cut-offs according to fasting plasma glucose and HbA1c concentrations 
as well as considering previous doctors diagnosis and medication use for diabetes. 
The classification system used in the current study was used in the Australian 
Health Survey (Australian Bureau of Statistics, 2013b) and based on the World 
Health Organisation’s cut off points (World Health Organization, 2000; World 
Health Organization, 2011). Categories included ‘known diabetes’, ‘newly 
diagnosed diabetes’, ‘at high risk of diabetes’ and ‘does not have diabetes’  
(Appendix L). However, due to low numbers it was collapsed into a dichotomous 
variable ‘has diabetes: yes or no’. 
Lipid profile 
Serum lipids including total cholesterol, low-density lipoprotein cholesterol (LDL-
C), high-density lipoprotein cholesterol (HDL-C) and triglycerides (TAG) were 
measured at the Dorevitch laboratory using the Siemens ADVIA 2400 Chemistry 
System (Siemens Healthcare Diagnostics Inc., Tarrytown, NY, USA). Further to 
these biomarkers, a dyslipidemia categorical variable was created. Having one or 
more abnormal cholesterol results indicates dyslipidemia and an increased risk of 
heart disease (Australian Bureau of Statistics, 2013b). Participants were classified 
as having dyslipidemia (yes or no) in line with the Australian National Health 
Measures Survey (Australian Bureau of Statistics, 2013b) (Appendix L). 
Metabolic syndrome 
A continuous metabolic syndrome risk score was calculated (Wijndaele, Beunen, 
Duvigneaud et al., 2006) using the risk factors identified by the International 
Diabetes Federation (2005). Risk factors include central obesity, high triglycerides, 
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low HDL-C, high blood pressure and high fasting glucose (International Diabetes 
Federation, 2005). Since the WELL study did not collect information on central 
obesity (waist circumference), BMI was used as an alternative measure of obesity. 
Research has shown that BMI is significantly correlated with waist circumference 
(Despres, 2012; Gierach, Gierach, Ewertowska, Arndt, & Junik, 2014). Since the 
WELL study also did not have a measure of blood pressure a dichotomous variable 
was created based on medication use for blood pressure as reported by participants 
in the Heart Health questionnaire. 
The metabolic syndrome risk score was calculated by applying PCA (with varimax 
rotation) to the standardised risk factors (BMI, triglycerides, HDL-C cholesterol, 
blood pressure medication use and glucose). Of the obtained factors, those with an 
eigenvalue >1, representing a large proportion of variance in the risk factors, were 
used to calculate the risk score (Wijndaele et al., 2006). The sum of the factor 
loading multiplied by risk factors was calculated to provide the continuous 
metabolic syndrome risk score for individuals. Further detail of this computation is 
outlined in Appendix L. 
This method is a more useful than using discrete binary cut-offs in epidemiological 
studies, as cardiometabolic risk is a progressive function of the combined effect of 
these risk factors (Kahn et al., 2005; Wijndaele et al., 2006). Using a continuous 
score will help preserve statistical power (Wijndaele et al., 2006). Some debate 
exists as to whether the binary definition is useful in clinical practice (Preiss & 
Sattar, 2009; Wijndaele et al., 2006).  
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Low-grade inflammation 
High-sensitivity C-reactive protein (hs-CRP) was measured by Dorevtich 
pathology using Advia 2400 chemistry systems (Siemens, Tarrytown, NY, USA) 
and interleukin 1b (IL-1b), interleukin 6 (IL-6), interleukin 8 (IL-8) and tumour 
necrosis factor alpha (TNFα) were measured at Deakin University using Milliplex 
immunoassay kits (Millipore Corp., Billerica, MA, USA). Elevated concentrations 
of these inflammation markers have been shown to predict the development of 
cardiovascular disease and diabetes (Kaptoge, Di Angelantonio, Lowe et al., 2010; 
Packard & Libby, 2008; Pradhan, Manson, Rifai, Buring, & Ridker, 2001; Ridker, 
Hennekens, Buring, & Rifai, 2000) and play a role in atherosclerosis (Apostolakis, 
Vogiatzi, Amanatidou, & Spandidos, 2009a; Bujak & Frangogiannis, 2009).  
The inflammation marker CRP is a recommended measure of low-grade 
inflammation (Pearson, Mensah, Alexander et al., 2003). The hs-CRP test is able to 
detect lower levels of circulating CRP in blood samples and was used in this study. 
However, due to the complex interactions of inflammation markers in the 
inflammation process (Willerson & Ridker, 2004) a multi-dimensional approach 
was also used to provide a summary measure of low-grade inflammation using a 
similar approach to Wijndaele et al (2006). A continuous inflammation score was 
calculated from the standardised inflammation markers measured (hs-CRP, IL-1b, 
IL-6, IL-8 and TNFα) using the same approach applied to determine the metabolic 
syndrome risk score (Appendix L). The continuous inflammation score was the 
sum of the PCA-derived factor scores by summing the factor loadings multiplied 
by inflammation marker. 
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Participant characteristics 
Self-reported sex, age, highest level of education achieved, employment status and 
relationship status was reported in 2010 and physical activity and smoking status 
were reported in 2012. Changes in time-dependant variables (between 2010 and 
2012) were explored, however since there were few participants who reported 
change only variables from one time point were used in the analysis (Section 
5.4.1).  Data on medication use was collected within the Heart Health 
questionnaire and a dichotomous variable was created to indicate if participants 
were taking medications for cardiovascular disease (medications that alter 
cholesterol or triglycerides) or for diabetes (medications that alter blood sugar 
levels). Use of hormone replacement therapy (HRT) was also assessed in women. 
Moderate and vigorous intensity physical activity was measured via the IPAQ in 
2012 (Section 3.3.2) in the form of minutes per week and used in its continuous 
form as a covariate in this study. 
Change in dietary patterns 
Four dietary factors identified by PCA that appeared similar at both 2010 and 2012 
(determined in Chapter 5.4.2, Table 5.2), were included in the analysis. Factor 
scores were calculated in the same way previously described (Section 4.3.2), with 
factor loadings from 2010 used to calculate factor scores at both time points to 
ensure consistency of the measure. Change in PCA scores between 2010 and 2012 
was calculated by subtracting the 2012 score from the 2010 score. This change 
score method was chosen as the predictor variable (rather than using time 2 dietary 
patterns and adjust for time 1 as a covariate as previously done in Chapter 5), as it 
allows for easier interpretation of the magnitude and direction of change (Dalecki 
& Willits, 1991). This method has been used previously (Shatenstein et al., 2015) 
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and is recommended as long as the association between the change score and 
outcomes is also adjusted for time 1 as a covariate (Cohen J & Cohen P, 1983; 
Dalecki & Willits, 1991). This is necessary to overcome the phenomenon known 
as regression towards the mean highlighted by Cohen & Cohen (1983). Time 2 will 
generally be correlated with time 1, therefore the raw change score will also be 
correlated with the time 1 score and can be an unreliable measure of behavioural 
change (Cohen J & Cohen P, 1983). 
Clusters in 2010 and 2012 were determined and described previously (Section 
5.4.3). Since the clusters identified in 2012 in men had limited interpretability 
(Section 5.4.3) they were not used for further analysis and only clusters in women 
were explored in relation to cardiometabolic risk. Change in the female clusters 
between 2010 and 2012 were determined by categorising individuals according to 
their cluster membership at each times. To ease interpretation, provisional names 
were provided to the clusters; cluster 1 was labelled the healthy cluster since it was 
characterised by more favourable food groups including fruit, vegetables, nuts, 
legumes, wholegrains, fish and poultry. Cluster 2 was labelled the unhealthy 
cluster characterised by less favourable food groups including red and processed 
mead and refined grains. A total of six transition categories were identified; 
remained in the healthy cluster; transitioned into the healthy cluster; remained in 
the unhealthy cluster; transitioned to the unhealthy cluster; remained in the small 
eaters cluster; transitioned into the small eaters cluster. 
The DGI-2013 was calculated at each time point from the dietary intake data 
collected (Section 4.3.4). Change in DGI-2013 between these time points was 
determined in the same way as the PCA scores, by subtracting the 2012 score from 
the 2010 score. 
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6.3.3 Statistical analysis 
Participants were excluded if they did not fast prior to specimen collection (n=48), 
did not provide a blood sample (n=15), if any blood test result was missing (n=29), 
if missing a significant among of dietary data (>10% of either FFQ or missing any 
of the diet behaviour questions) (n=18) or they were missing any of the covariates 
required in the analyses (n=33). The total sample size for analysis was (n=293 
men: 343 women). 
Association between change in dietary patterns and cardiometabolic risk 
The normality of outcome variables was assessed and several of the variables 
required log transformation in order to achieve normal distribution, including 
glucose, insulin, HOMA-IR, TAG and the inflammation score. Multiple linear 
regression was used to assess the association between the change in PCA score, 
DGI-2013 score and cluster membership with cardiometabolic risk outcome 
variables. Binomial logistic regression was used to identify odds ratios for 
dyslipidaemia and diabetes risk according to dietary pattern change. The effect of 
covariates on the relationship between change in dietary patterns and 
cardiometabolic risk was assessed in an adjusted regression model. The covariates 
explored included age, education, employment status, relationship status, 
medication use, smoking status and physical activity, as these were found to be 
covariates in previous literature (Kant, 2004; Mendis et al., 2011; World Health 
Organization, 2009). The univariate relationships between covariates and all 
cardiometabolic risk factors were first explored to identify confounders, using 
spearman’s correlation coefficient, ANOVA, chi squared tests and t-tests 
(Appendix M). The collinearity diagnostic tests were run for each model to check 
the collinearity between covariates. This assumption was met if tolerance was >0.2 
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(Menard, 1995) and if the variance inflation factor was <10 (Myers, 1990). All 
combinations of covariates met the assumption (Appendix N). 
Both the base regression model and adjusted model were corrected for the 
clustering variable, postcode, to obtain robust standard errors. Adjustments were 
made for the baseline, 2010, PCA and DGI-2013 dietary score in the 
corresponding analyses. The adjusted model was additionally adjusted for 
confounders shown to be associated with the corresponding cardiometabolic risk 
factors identified in Appendix M. Therefore, analysis of each cardiometabolic risk 
factor was adjusted for a different set of confounders based on their correlation 
with the outcome. Given the small age range, age was associated with few 
outcomes, however, it is known that age is a significant predictor of 
cardiometabolic conditions (World Health Organization, 2015b) and therefore age 
was included as a confounder in all adjusted models. Similarly, BMI was included 
as a covariate in all analyses, except for outcomes that included BMI, since it is a 
known predictor of cardiometabolic risk (Dalton et al., 2003; Katzmarzyk et al., 
2012; Narayan et al., 2007). 
The distribution of residuals and homoskedasticity were examined for each 
regression model. In a small number of cases there were outliers present but when 
they were excluded there were no significant effect on the outcome. On few 
occasions the removal of outliers was influential, these outliers were omitted, in 
these cases a footnote is included in the result table to identify them. In all cases 
outliers did not alter the overall conclusions. Statistical significance was defined as 
P<0.05 and fully-adjusted models are reported in the text. 
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6.4 Results 
The following results section describes the WELL Heart Health study participant 
characteristics followed by the relationship between dietary patterns change and 
cardiometabolic risk in these peri-retirement aged adults. 
6.4.1 WELL Heart Health study participant characteristics 
A total of 293 men and 343 women from the WELL Heart Health sub-study were 
included in this analysis. The mean age at baseline (2010) was 60 ± 3 years for 
men and women. Men were significantly more likely to have diabetes compared to 
women (10% vs. 2%; P<0.001). The WELL participants who participated in the 
Heart Health sub-study in 2012 had a high level of education and were more likely 
to be meeting physical activity recommendations compared to the original 2010 
cohort (n=1,888 men and 2,071 women), with 36% of men and 46% of women 
having a university degree or higher in the sub-sample compared to 28% and 27% 
at baseline. Over half of men and women were meeting physical activity 
recommendations in the sub-sample (59% men and 60% women) compared to 47% 
and 52% or men and women at baseline (data not shown). Few women were 
classified as having diabetes (n=6: 2%) and therefore, there were not enough cases 
to look at the association between change in dietary pattern and diabetes in women. 
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Table 6.1: Participant characteristics of the Heart Health study, 2012 
 Men 
(n=293) 
Women 
(n=343) 
P-value1 
Mean age ± SD at baseline2 59.9 ± 3.1 59.7 ± 3.0 0.568 
Mean BMI (kg/cm2) ± SD in 2012 27.6 ± 4.6 26.1 ± 5.6 <0.001 
Highest level of education achieved (%)    
No formal qualifications and up to year 10 18 30 0.001 
Year 12, trade or certificate 40 29  
University degree and higher 42 41  
Employment status at baseline 2010 (%)    
Working full-time 47 20 0.001 
Working part-time 17 34  
Not working 36 46  
Relationship status at baseline 2010 (%)    
Living as married 84 76 0.001 
Separated, divorced or widowed 10 20  
Never married 6 4  
Diabetes risk in 2012 (%)    
Has diabetes 10 2 <0.001 
No diabetes 90 98  
Dyslipidaemia in 2012 (%)    
Has dyslipidaemia 30 27 0.473 
No dyslipidaemia 70 74  
Smoking status in 2012 (%)    
Non smoker 55 62 0.178 
Use to smoke 35 31  
Smoker 10 7  
Meeting PA guidelines in 2012 (%)    
Yes 59 60 0.975 
No 41 40  
1. Statistical significance by sex using ANOVA or Chi-square. Abbreviations: BMI- Body Mass Index, SD- standard 
deviation, PA- Physical Activity. 
2. Age in years at the census date (31st Oct 2009). 
 
 
6.4.2 Principal Component Analysis and cardiometabolic risk 
In men, an increase in PCA 1 factor score (vegetable dishes, fruit, fish and poultry) 
was associated with a lower plasma glucose, HbA1c, and HDL-C in the fully 
adjusted model (Table 6.2). An increase in the Factor 2 score (spreads, biscuits, 
cakes and confectionary) was associated with lower total cholesterol, LDL-C, 
HDL-C and a higher metabolic risk score. An increase in Factor 3 score (red or 
processed meat, white bread, fried fish and hot chips) was associated with higher 
total cholesterol and LDL-C however this relationship attenuated after adjustment 
of confounders. An increase in Factor 4 score (traditional vegetables) was 
associated with lower total cholesterol, LDL-C and a high level of hs-CRP. 
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In women, an increase in Factor 1 score (vegetables, fruit and fish) was associated 
with lower hs-CRP, there were no other associated with any of the measured 
cardiometabolic risk factors for Factor 1 or 2 (cakes, processed meat, hot chips and 
confectionary) (Table 6.3). 
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0.01 -0.06 
0.08 
0.854 
0.03 -0.02 
0.08 
0.225  
-0.02 
-0.06 
0.02 
0.283 
-0.003 -0.04 
0.03 
0.845 age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
Serum
 insulin (m
IU
/L) 4 
-0.09 -0.42 
0.24 
0.585 
0.09 -0.16 
0.34 
0.474  
-0.06 
-0.24 
0.11 
0.477 
-0.01 -0.15 
0.13 
0.893 age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
H
bA
1c (%
) 
0.01 -0.24 
0.26 
0.949 
0.06 -0.14 
0.26 
0.528  
-0.04 
-0.18 
0.10 
0.567 
0.02 -0.12 
0.17 
0.766 age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
H
O
M
A
-IR
 (units) 4 
-0.08 -0.45 
0.28 
0.641 
0.12 -0.15 
0.39 
0.379  
-0.09 
-0.29 
0.12 
0.400 
-0.01 -0.17 
0.14 
0.870 age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
Total cholesterol (m
m
ol/L) 
0.38 
0.02 
0.74 
0.037 
0.18 -0.15 
0.51 
0.270  
-0.15 
-0.35 
0.06 
0.150 
-0.18 -0.36 
-0.002 
0.048 age, B
M
I, m
edications (C
V
D
 and diabetes) and sm
oking  
LD
L-C
 (m
m
ol/L) 
0.30 
0.03 
0.57 
0.029 
0.13 -0.09 
0.34 
0.256  
-0.16 
-0.31 
-0.004 
0.044 
-0.20 -0.33 
-0.06 
0.005 age, B
M
I, m
edications (C
V
D
 and diabetes) and sm
oking  
H
D
L-C
 (m
m
ol/L) 
0.04 -0.10 
0.18 
0.543 -0.01 -0.14 
0.12 
0.898  
0.002 
-0.06 
0.07 
0.939 
-0.01 -0.06 
0.03 
0.557 age, B
M
I, m
edications (C
V
D
) and PA
 
Triglycerides (m
m
ol/L) 4 
-0.01 -0.23 
0.22 
0.942 
0.06 -0.16 
0.278 
0.583   
0.004 
-0.09 
0.10 
0.941 
0.03 -0.06 
0.13 
0.501 age, B
M
I, m
edications (C
V
D
) and PA
 
Inflam
m
ation score
4 
0.03 -0.18 
0.24 
0.776 
0.06 -0.17 
0.30 
0.591  
-0.01 
-0.13 
0.12 
0.920 
0.01 -0.12 
0.15 
0.847 age, B
M
I, education and m
edications (C
V
D
) 
hs-C
R
P (m
g/L) 4 
-0.17 -0.73 
0.39 
0.548 0.002 -0.55 
0.55 
0.995  
0.21 
-0.01 
0.44 
0.060 
0.29 
0.06 
0.52 
0.015 age, B
M
I, education and m
edications (C
V
D
) 
M
et Score 
-0.22 -0.72 
0.29 
0.392 
0.01 -0.40 
0.42 
0.972  
-0.10 
-0.43 
0.23 
0.553 
0.04 -0.18 
0.26 
0.700 age, education, m
arital status, m
edications (C
V
D
 and 
diabetes) and PA
 
H
as diabetes (O
R
) 
0.79 
0.23 
2.70 
0.709 
1.20 
0.34 
4.23 
0.773  
0.82 
0.45 
1.48 
0.501 
0.98 
0.60 
1.61 
0.943 age, B
M
I 
H
as dyslipidaem
ia (O
R
) 
0.81 
0.33 
1.96 
0.637 
0.96 
0.41 
2.24 
0.927  
1.11 
0.76 
1.63 
0.586 
1.27 
0.82 
1.96 
0.293 age, B
M
I 
1. A
bbreviations: B
M
I- B
ody M
ass Index, C
V
D
- C
ardiovascular D
isease, H
bA
1c- G
lycated haem
oglobin, H
O
M
A
-IR
- H
om
eostasis M
odel of A
ssessm
ent - Insulin R
esistance, hs-C
R
P- H
igh-sensitivity C
-reactive 
protein, M
et- M
etabolic syndrom
e, O
R
- O
dds R
atio, PA
- Physical A
ctivity. 
2. B
ase m
odel adjusted for 2010 score w
ith robust standard errors by adjusting for the clustering variable, postcode. A
djusted m
odel: adjusted for base m
odel plus confounders listed in ‘A
djustm
ent for’. 
3. 2 outliers w
ere excluded from
 analysis of B
M
I, how
ever results did not significantly alter w
ith and w
ithout outliers excluded. 
4. G
lucose, insulin, H
O
M
A
-IR
, triglycerides, the inflam
m
ation score and hs-C
R
P w
ere log transform
ed. 
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 Table 6.3:  
M
ulti-linear and logistic regression analysis of tw
o-year change in principal com
ponent analysis-derived factor scores and 
cardiom
etabolic risk m
arkers in w
om
en, 2012
1
 
 
PC
A
 1 V
egetables, fruit &
 fish 
 
PC
A
 2 C
akes, processed m
eat, hot chips &
 confectionary 
 
 
B
ase m
odel 2 
A
djusted m
odel 2 
 
B
ase m
odel 2 
A
djusted m
odel 2 
A
djustm
ent for: 
 
β 
95%
C
I 
P-
value 
β 
95%
C
I 
P-
value 
 
β 
95%
C
I 
P-
value 
β 
95%
C
I 
P-
value 
 
B
M
I (kg/cm
2)  3 
0.18 
-0.84 
1.20 
0.728 
0.31 
-0.60 
1.22 
0.492 
 
-1.06 
-4.98 
2.86 
0.588 
-1.16 
-4.77 
2.45 
0.521 
age, m
edications (C
V
D
 and diabetes) and PA
 
Plasm
a glucose 
(m
m
ol/L) 4 
0.01 
-0.01 
0.03 
0.432 
0.01 
-0.01 
0.03 
0.386 
 
0.07 
-0.03 
0.18 
0.161 
0.07 
-0.04 
0.17 
0.204 
age, B
M
I, relationship status, m
edications (C
V
D
 and 
diabetes ) and PA
 
Serum
 insulin 
(m
IU
/L) 4 
0.01 
-0.10 
0.11 
0.926 
0.02 
-0.08 
0.12 
0.714 
 
-0.02 
-0.59 
0.56 
0.957 
-0.01 
-0.52 
0.50 
0.971 
age, B
M
I, education, m
edications (C
V
D
 and diabetes) 
and PA
 
H
bA
1c (%
) 
0.03 
-0.03 
0.09 
0.322 
0.03 
-0.02 
0.09 
0.267 
 
0.13 
-0.12 
0.39 
0.303 
0.11 
-0.13 
0.35 
0.371 
age, B
M
I, education, relationship status, m
edications 
(C
V
D
 and diabetes) 
H
O
M
A
-IR
 (units) 4 
0.01 
-0.10 
0.12 
0.800 
0.03 
-0.08 
0.14 
0.559 
 
0.06 
-0.57 
0.69 
0.856 
0.06 
-0.51 
0.63 
0.842 
age, B
M
I, education, m
edications (C
V
D
 and diabetes) 
and PA
 
Total cholesterol 
(m
m
ol/L) 
-0.08 
-0.24 
0.08 
0.307 
-0.07 
-0.21 
0.08 
0.359 
 
0.08 
-0.48 
0.63 
0.777 
0.19 
-0.33 
0.71 
0.462 
age, B
M
I, em
ploym
ent and m
edications (C
V
D
 and 
diabetes) 
LD
L-C
 (m
m
ol/L) 
-0.04 
-0.16 
0.07 
0.470 
-0.03 
-0.15 
0.08 
0.578 
 
-0.14 
-0.72 
0.45 
0.640 
-0.03 
-0.61 
0.55 
0.911 
age, B
M
I, em
ploym
ent and m
edications (C
V
D
 and 
diabetes) 
H
D
L-C
 (m
m
ol/L) 
-0.03 
-0.12 
0.06 
0.515 
-0.04 
-0.11 
0.03 
0.263 
 
0.07 
-0.36 
0.50 
0.739 
0.06 
-0.32 
0.45 
0.754 
age, B
M
I, em
ploym
ent, m
edications (C
V
D
 and diabetes), 
sm
okin g and PA
 
Triglycerides 
(m
m
ol/L) 5 
-0.0007 
-0.09 
0.09 
0.988 
0.02 
-0.05 
0.10 
0.578 
 
0.14 
-0.23 
0.50 
0.454 
0.13 
-0.18 
0.43 
0.405 
age, B
M
I, education, em
ploym
ent, m
edications (C
V
D
 and 
diabetes), sm
oking and PA
 
Inflam
m
ation score
4 
0.05 
-0.10 
0.20 
0.512 
0.06 
-0.09 
0.21 
0.442 
 
0.06 
-0.51 
0.62 
0.838 
0.05 
-0.47 
0.58 
0.836 
age, B
M
I and PA
 
hs-C
R
P (m
g/L) 4 
-0.24 
-0.49 
0.005 
0.055 
-0.26 
-0.47 
-0.05 
0.016 
 
-0.41 
-1.67 
0.86 
0.520 
-0.29 
-1.43 
0.85 
0.613 
age, B
M
I and PA
 
M
et Score 
0.04 
-0.25 
0.32 
0.799 
0.10 
-0.11 
0.32 
0.332 
 
0.25 
-0.95 
10.45 
0.674 
0.10 
-0.89 
1.08 
0.844 
age, education, m
edications (C
V
D
 and diabetes) and PA
 
H
as dyslipidaem
ia 
(O
R
) 
0.80 
0.51 
1.23 
0.306 
0.80 
0.51 
1.24 
0.308 
 
0.92 
0.18 
4.80 
0.918 
0.84 
0.16 
4.32 
0.830 
age and B
M
I 
1. A
bbreviations: B
M
I- B
ody M
ass Index, C
V
D
- C
ardiovascular D
isease, H
bA
1c- G
lycated haem
oglobin, H
O
M
A
-IR
- H
om
eostasis M
odel of A
ssessm
ent - Insulin R
esistance, hs-C
R
P- H
igh-sensitivity C
-reactive 
protein, M
et- M
etabolic syndrom
e, O
R
- O
dds R
atio, PA
- Physical A
ctivity. 
2. B
ase m
odel adjusted for 2010 score w
ith robust standard errors by adjusting for the clustering variable, postcode. A
djusted m
odel: adjusted for base m
odel plus confounders listed in ‘A
djustm
ent for’. 
3. 2 outliers w
ere excluded from
 analysis of B
M
I, how
ever results did not significantly alter w
ith and w
ithout outliers excluded. 
4. G
lucose, insulin, H
O
M
A
-IR
, triglycerides, the inflam
m
ation score and hs-C
R
P w
ere log transform
ed. 
  
 179 
6.4.3 Dietary cluster transition and cardiometabolic risk in women 
Women who remained in the healthy cluster had a lower BMI and risk for 
dyslipidaemia than women who remained in the small eater cluster (Table 6.4). 
Those remaining in the healthy cluster also had a lower metabolic risk score, lower 
odds for dyslipidaemia, lower TAG concentrations and higher HDL-C 
concentrations than those who remained in the unhealthy. These women, 
remaining in the healthy cluster, also had higher HDL-C and a lower metabolic 
risk score than those who transitioned into the healthy cluster. Women who 
transitioned into the healthy cluster had higher LDL-C than those who transitioned 
into small eaters cluster and had lower HDL-C than those who remained in small 
eaters cluster and lower metabolic risk score than women who transitioned into 
unhealthy cluster. Those who remained in the unhealthy cluster had lower HDL-C 
and inflammation score than women who remained in the small eaters cluster, had 
a higher metabolic risk score than those who transitioned into unhealthy cluster 
and those who remained in the small eaters cluster. 
 
  Table 6.4: 
M
arginal m
eans (95%
 confident intervals) from
 m
ultilinear regression betw
een the tw
o year cluster transitions and cardiom
etabolic 
risk m
arkers in w
om
en, 2012
1, 2
 
 
R
em
ained in 
healthy cluster 
n=71 
Transitioned into 
healthy cluster 
n=46 
R
em
ained in 
unhealthy cluster 
n=38 
Transitioned into 
unhealthy cluster 
n=25 
R
em
ained in 
sm
all eaters cluster 
n=125 
Transitioned into 
sm
all eaters cluster 
n=38 
D
ifference A
djustm
ent for: 
 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
 
 
B
M
I (kg/cm
2)  
25.1 
23.5 
26.6 
25.6 
24.4 
26.9 
26.6 
25.2 
28.0 
25.2 
23.8 
26.6 
26.4 
25.5 
27.4 
25.9 
24.0 
27.8 
1 vs. 5* 
 
A
djusted m
odel 2 
25.3 
24.0 
27.0 
25.9 
24.4 
27.4 
26.4 
24.8 
28.0 
25.5 
24.4 
26.6 
26.3 
25.3 
27.0 
25.9 
24.3 
27.5 
nil 
age, education, m
edications 
(C
V
D
 and diabetes) and PA
 
Plasm
a glucose (m
m
ol/L) 3 
4.9 
4.8 
5.1 
5.0 
4.8 
5.2 
5.1 
4.9 
5.3 
4.8 
4.6 
5.0 
5.0 
4.9 
5.1 
4.9 
4.7 
5.1 
3 vs. 4* 
 
A
djusted m
odel 
4.9 
4.8 
5.0 
5.0 
4.8 
5.2 
5.1 
4.9 
5.2 
4.8 
4.6 
5.0 
5.0 
4.9 
5.1 
4.9 
4.7 
5.1 
nil 
age, B
M
I, m
edications (C
V
D
 
and diabetes) and PA
 
Serum
 insulin (m
IU
/L) 3 
4.8 
4.1 
5.5 
5.5 
4.8 
6.5 
5.9 
5.2 
6.8 
5.3 
4.4 
6.4 
5.4 
4.8 
6.1 
5.3 
4.3 
6.7 
nil 
 
A
djusted m
odel 
4.9 
4.3 
5.6 
5.8 
4.9 
6.9 
5.8 
5.0 
6.6 
5.5 
4.6 
6.5 
5.3 
4.7 
5.9 
5.4 
4.4 
6.7 
nil 
age, B
M
I, m
edications (C
V
D
 
and diabetes) and PA
 
H
bA
1c (%
) 
5.6 
5.6 
5.7 
5.7 
5.6 
5.8 
5.7 
5.6 
5.8 
5.7 
5.6 
5.8 
5.7 
5.6 
5.7 
5.7 
5.6 
5.8 
nil 
 
A
djusted m
odel 
5.6 
5.6 
5.7 
5.7 
5.6 
5.8 
5.7 
5.6 
5.7 
5.7 
5.6 
5.8 
5.7 
5.6 
5.7 
5.7 
5.6 
5.8 
nil 
age, B
M
I, m
edications (C
V
D
 
and diabetes) and PA
 
H
O
M
A
-IR
 (units) 3 
1.0 
0.9 
1.2 
1.2 
1.2 
1.6 
1.3 
1.2 
1.6 
1.1 
0.9 
1.4 
1.2 
1.0 
1.4 
1.2 
0.9 
1.5 
nil 
 
A
djusted m
odel 
1.1 
2.5 
3.4 
1.3 
1.1 
1.5 
1.3 
1.1 
1.5 
1.2 
1.0 
1.4 
1.1 
1.0 
1.3 
1.1 
0.9 
1.5 
nil 
age, B
M
I, m
edications (C
V
D
 
and diabetes) and PA
 
Total cholesterol 
(m
m
ol/L) 
5.4 
5.2 
5.6 
5.5 
5.3 
5.7 
5.3 
4.9 
5.8 
5.5 
5.1 
5.8 
5.5 
5.3 
5.6 
5.4 
5.1 
5.7 
nil 
 
A
djusted m
odel 
5.4 
5.2 
5.5 
5.5 
5.2 
5.7 
5.3 
5.0 
5.7 
5.5 
5.1 
5.8 
5.5 
5.4 
5.6 
5.3 
5.1 
5.5 
nil 
age, B
M
I, m
edications (C
V
D
 
and diabetes) and sm
oking status 
LD
L-C
 (m
m
ol/L) 
3.0 
2.8 
3.2 
3.3 
3.2 
3.5 
3.2 
2.8 
3.5 
3.1 
2.8 
3.4 
3.2 
3.0 
3.3 
3.1 
2.8 
3.3 
nil 
 
A
djusted m
odel 
3.0 
2.8 
3.2 
3.3 
3.1 
3.5 
3.2 
2.8 
3.5 
3.2 
2.9 
3.4 
3.2 
3.1 
3.3 
3.0 
2.9 
3.2 
2 vs. 6* 
age, B
M
I, m
edications (C
V
D
 
and diabetes) and sm
oking status 
H
D
L-C
 (m
m
ol/L) 
1.8 
1.7 
1.9 
1.6 
1.5 
1.8 
1.6 
1.4 
1.7 
1.8 
1.7 
1.9 
1.7 
1.7 
1.8 
1.8 
1.6 
1.9 
1 vs. 2* 
1 vs. 3** 
3 vs. 5* 
 
A
djusted m
odel 
1.8 
1.7 
1.9 
1.6 
1.5 
1.7 
1.6 
1.5 
1.8 
1.8 
1.6 
1.9 
1.8 
1.7 
1.8 
1.8 
1.6 
1.9 
1 vs. 2* 
1 vs. 3* 
2 vs. 5* 
3 vs. 5* 
age, B
M
I, m
edications (C
V
D
) 
and PA
 
Triglycerides (m
m
ol/L) 3 
1.0 
0.9 
1.1 
1.1 
1.0 
1.2 
1.2 
1.1 
1.3 
1.0 
0.9 
1.2 
1.1 
1.0 
1.2 
1.0 
0.9 
1.2 
1 vs. 3** 
1 vs. 5* 
 
A
djusted m
odel 
1.0 
0.9 
1.1 
1.1 
1.0 
1.3 
1.2 
1.1 
1.3 
1.0 
0.9 
1.2 
1.1 
1.0 
1.2 
1.0 
0.9 
1.1 
1 vs. 3* 
age, B
M
I, m
edications (C
V
D
) 
and PA
 
   
 
Table 6.4: 
M
arginal m
eans (95%
 confident intervals) from
 m
ultilinear regression betw
een the tw
o year cluster transitions and cardiom
etabolic 
risk m
arkers in w
om
en, 2012
1, 2 (continued)  
 
R
em
ained in 
healthy cluster 
n=71 
Transitioned into 
healthy cluster 
n=46 
R
em
ained in 
unhealthy cluster 
n=38 
Transitioned into 
unhealthy cluster 
n=25 
R
em
ained in 
sm
all eaters cluster 
n=125 
Transitioned into 
sm
all eaters cluster 
n=38 
D
ifference 
A
djustm
ent for: 
 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
m
ean 
95%
 C
I 
 
 
Inflam
m
ation score
3 
18.9 
16.3 
21.8 
18.1 
14.7 
22.3 
17.3 
14.9 
20.2 
23.5 
16.5 
33.6 
20.8 
17.7 
24.4 
20.7 
15.6 
27.6 
3 vs. 5* 
 
A
djusted m
odel 
19.1 
16.6 
21.9 
18.3 
14.5 
23.1 
17.1 
15.1 
19.3 
23.9 
16.6 
34.3 
20.5 
17.8 
23.7 
21.0 
15.8 
28.1 
3 vs. 5* 
age, B
M
I, education and 
m
edications (C
V
D
) 
hs-C
R
P (m
g/L) 4 
0.73 
0.58 
0.92 
0.68 
0.50 
0.94 
1.05 
0.61 
1.80 
0.99 
0.58 
1.72 
1.01 
0.78 
1.32 
0.78 
0.51 
1.18 
 
 
A
djusted m
odel 
0.77 
0.60 
0.98 
0.70 
0.53 
0.92 
0.98 
0.59 
1.64 
1.14 
0.65 
2.00 
0.96 
0.78 
1.18 
0.80 
0.55 
1.17 
 
 
M
et Score 
-0.68 
-1.1 
-0.25 
-0.35 -0.60 
-0.10 
-0.06 
-0.46 
0.33 
-0.84 -1.13 
-0.55 
-0.39 
-0.63 
-0.14 
-0.58 
-1.09 
-0.08 
1 vs. 3* 
2 vs. 4* 
3 vs. 4* 
4 vs. 5* 
 
A
djusted m
odel 
-0.55 
-0.91 
0.18 
-0.24 -0.48 
-0.002 
-0.13 
-0.45 
0.18 
-0.78 -1.11 
-0.45 
-0.49 
-0.65 
-0.33 
-0.59 
-1.04 
-0.14 
1 vs. 2* 
1 vs. 3* 
2 vs. 4* 
3 vs. 4* 
3 vs. 5* 
age, education, m
arital status, 
m
edications (C
V
D
 and diabetes) 
and PA
 
H
as dyslipidaem
ia (O
dds 
ratio) 
0.62 
0.52 
0.72 
0.7 
0.6 
0.9 
0.79 
0.69 
0.89 
0.80 
0.67 
0.93 
0.75 
0.66 
0.85 
0.74 
0.62 
0.85 
1 vs. 5* 
1 vs. 3* 
 
A
djusted m
odel 
0.62 
0.52 
0.72 
0.8 
0.7 
0.9 
0.79 
0.68 
0.89 
0.79 
0.64 
0.94 
0.75 
0.66 
0.84 
0.74 
0.62 
0.86 
1 vs. 3* 
1 vs. 5* 
A
ge, B
M
I 
1. A
bbreviations:  B
M
I- B
ody M
ass Index, C
V
D
- C
ardiovascular D
isease, H
bA
1c- G
lycated haem
oglobin, H
O
M
A
-IR
- H
om
eostasis M
odel of A
ssessm
ent - Insulin R
esistance,  hs-C
R
P- H
igh-sensitivity C
-reactive 
protein,M
et- M
etabolic syndrom
e, PA
- Physical A
ctivity. 
2. B
ase m
odel adjusted for 2010 score w
ith robust standard errors by adjusting for the clustering variable, postcode. A
djusted m
odel: adjusted for base m
odel plus confounders listed in ‘A
djustm
ent for’. 
3. G
lucose, insulin, H
O
M
A
-IR
, triglycerides and the inflam
m
ation score w
ere log transform
ed. 
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6.4.4 A Diet Quality Index and cardiometabolic risk  
The mean ± standard deviation of change in DGI-2013 score was 1.8 ± 9.9 in men 
with a range from -28.4 to 40.6 and -0.1 ± 10.6 ranging from -39.4 to 35.7 in 
women (data not shown). In men, change in DGI-2013 score was not associated 
with any of the measured cardiometabolic risk markers. In women an increased 
DGI-2013 score was associated with decreased total cholesterol. There were no 
other significant associations between the DGI-2013 score and cardiometabolic 
biomarkers. 
  
Table 6.5: 
M
ultilinear regression analysis betw
een change in the 2013 R
evised D
iet Q
uality Index score and cardiom
etabolic risk m
arkers in 
m
en
1
 
R
evised D
iet Q
uality Index score change 
 
B
ase m
odel 2 
A
djusted m
odel 2 
A
djustm
ent for: 
 
95%
C
I 
P-value 
 
95%
C
I 
P-value 
 
B
M
I (kg/cm
2)  3 
-0.03 
0.09 
0.04 
0.372 
-0.04 
-0.10 
0.02 
0.165 
age, education, m
edications (C
V
D
 and diabetes) and PA
 
Plasm
a glucose (m
m
ol/L) 4 
-0.0006 
-0.003 
0.001 
0.545 
-0.001 
-0.003 
9.89e
-6 
0.052 
age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
Serum
 insulin (m
IU
/L) 4 
-0.01 
-0.02 
0.002 
0.097 
-0.004 
-0.01 
0.004 
0.315 
age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
H
bA
1c (%
) 
-0.002 
-0.01 
0.01 
0.555 
-0.01 
-0.01 
0.0002 
0.059 
age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
H
O
M
A
-IR
 (units) 4 
-0.01 
-0.02 
0.002 
0.105 
-0.01 
-0.01 
0.003 
0.187 
age, B
M
I, m
edications (C
V
D
 and diabetes) and PA
 
Total cholesterol (m
m
ol/L) 
-0.01 
-0.04 
0.01 
0.166 
-0.01 
-0.03 
0.003 
0.115 
age, B
M
I, m
edications (C
V
D
 and diabetes) and sm
oking status 
LD
L-C
 (m
m
ol/L) 
-0.01 
-0.03 
0.01 
0.177 
-0.01 
-0.03 
0.01 
0.153 
age, B
M
I, m
edications (C
V
D
 and diabetes) and sm
oking status 
H
D
L-C
 (m
m
ol/L) 
-0.0004 
-0.006 
0.01 
0.872 
-0.002 
-0.01 
0.002 
0.339 
age, B
M
I, m
edications (C
V
D
) and PA
 
Triglycerides (m
m
ol/L) 4 
-0.003 
-0.01 
0.01 
0.421 
-0.002 
-0.01 
0.01 
0.569 
age, B
M
I, m
edications (C
V
D
) and PA
 
Inflam
m
ation score
4 
0.001 
-0.01 
0.01 
0.735 
0.001 
-0.01 
0.01 
0.817 
age, B
M
I, education and m
edications (C
V
D
) 
hs-C
R
P (m
g/L) 4 
-0.01 
-0.03 
0.007 
0.208 
-0.006 
-0.02 
0.01 
0.536 
age, B
M
I, education and m
edications (C
V
D
) 
M
et Score 
-0.01 
-0.03 
0.01 
0.390 
-0.01 
-0.03 
0.001 
0.077 
age, education, m
arital status, m
edications (C
V
D
 and diabetes) and PA
 
H
as diabetes (odds ratio) 
1.02 
0.97 
1.07 
0.423 
1.03 
0.98 
1.08 
0.243 
age, B
M
I 
H
as dyslipidaem
ia (odds ratio) 
0.98 
0.95 
1.01 
0.118 
0.98 
0.95 
1.01 
0.249 
age, B
M
I 
1. A
bbreviations: B
M
I- B
ody M
ass Index, C
V
D
- C
ardiovascular D
isease, H
bA
1c- G
lycated haem
oglobin, H
O
M
A
-IR
- H
om
eostasis M
odel of A
ssessm
ent - Insulin R
esistance, hs-C
R
P- H
igh-sensitivity C
-reactive 
protein, M
et- M
etabolic syndrom
e, PA
- Physical A
ctivity. 
2. B
ase m
odel adjusted for 2010 score w
ith robust standard errors by adjusting for the clustering variable, postcode. A
djusted m
odel: adjusted for base m
odel plus confounders listed in ‘A
djustm
ent for’. 
3. 2 outliers w
ere excluded from
 analysis of B
M
I, how
ever results did not significantly alter w
ith and w
ithout outliers excluded. 
4. G
lucose, insulin, H
O
M
A
-IR
, triglycerides and the inflam
m
ation score w
ere log transform
ed. 
   Table 6.6: 
M
ultilinear regression analysis betw
een change in the 2013 R
evised D
iet Q
uality Index score and cardiom
etabolic risk m
arkers in 
w
om
en
1
 
 
R
evised diet quality index score change 
 
 
B
ase m
odel 2 
A
djusted m
odel 2 
A
djustm
ent for: 
 
β 
95%
C
I 
P-value 
β 
95%
C
I 
P-value 
 
B
M
I (kg/cm
2)   3 
0.01 
-0.07 
0.10 
0.772 
0.01 
-0.06 
0.08 
0.859 
age, m
edications (C
V
D
 and diabetes) and PA
 
Plasm
a glucose (m
m
ol/L) 4 
-0.00006 
-0.001 
0.001 
0.930 
-0.0002 
-0.001 
0.001 
0.766 
age, B
M
I, relationship status, m
edications (C
V
D
 and diabetes) and PA
 
Serum
 insulin (m
IU
/L) 4 
-0.001 
-0.01 
0.01 
0.740 
-0.002 
-0.01 
0.01 
0.561 
age, B
M
I, education, m
edications (C
V
D
 and diabetes) and PA
 
H
bA
1c (%
) 
-0.0002 
-0.004 
0.004 
0.937 
0.00003 
-0.003 
0.003 
0.984 
age, B
M
I, education, relationship status, m
edications (C
V
D
 and diabetes) 
H
O
M
A
-IR
 (units) 4 
-0.002 
-0.01 
0.01 
0.749 
-0.002 
-0.01 
0.01 
0.530 
age, B
M
I, education, m
edications (C
V
D
 and diabetes) and PA
 
Total cholesterol (m
m
ol/L) 
-0.01 
-0.02 
-0.003 
0.012 
-0.01 
-0.02 
-0.003 
0.003 
age, B
M
I, em
ploym
ent and m
edications (C
V
D
 and diabetes) 
LD
L-C
 (m
m
ol/L) 
-0.01 
-0.02 
0.001 
0.081 
-0.01 
-0.01 
0.001 
0.101 
age, B
M
I, em
ploym
ent and m
edications (C
V
D
 and diabetes) 
H
D
L-C
 (m
m
ol/L) 
-0.004 
-0.01 
0.002 
0.219 
-0.003 
-0.01 
0.003 
0.353 
age, B
M
I, em
ploym
ent, m
edications (C
V
D
 and diabetes), sm
oking and PA
 
Triglycerides (m
m
ol/L) 4 
0.001 
-0.01 
0.01 
0.748 
0.001 
-0.004 
0.01 
0.716 
age, B
M
I, education, em
ploym
ent, m
edications (C
V
D
 and diabetes), sm
oking 
and PA
 
Inflam
m
ation score
4 
-0.001 
-0.01 
0.01 
0.848 
-0.0002 
-0.01 
0.01 
0.938 
age, B
M
I and PA
 
hs-C
R
P (m
g/L) 4 
-0.004 
-0.02 
0.01 
0.666 
-0.007 
-0.02 
0.006 
0.294 
age, B
M
I and PA
 
M
et Score 
0.01 
-0.01 
0.03 
0.422 
0.01 
-0.01 
0.02 
0.362 
age, education, m
edications (C
V
D
 and diabetes) and PA
 
H
as dyslipidaem
ia (O
dds ratio 
0.98 
0.96 
1.01 
0.150 
0.98 
0.96 
1.01 
0.115 
age and B
M
I 
1. A
bbreviation: B
M
I- B
ody M
ass Index, C
V
D
- C
ardiovascular D
isease, H
bA
1c- G
lycated haem
oglobin, H
O
M
A
-IR
- H
om
eostasis M
odel of A
ssessm
ent - Insulin R
esistance, hs-C
R
P- H
igh-sensitivity C
-reactive 
protein, M
et- M
etabolic syndrom
e, PA
- Physical A
ctivity. 
2. B
ase m
odel adjusted for 2010 score w
ith robust standard errors by adjusting for the clustering variable, postcode. A
djusted m
odel: adjusted for base m
odel plus confounders listed in ‘A
djustm
ent for’. 
3. 2 outliers w
ere excluded from
 analysis of B
M
I, how
ever results did not significantly alter w
ith and w
ithout outliers excluded. 
4. G
lucose, insulin, H
O
M
A
-IR
, triglycerides and the inflam
m
ation score w
ere log transform
ed. 
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6.5 Discussion 
This study investigated the association between change in dietary patterns and 
cardiometabolic risk adding to limited research among adults 55 year and over. 
This discussion outlines the key results of the study. 
Change in dietary patterns and BMI 
Body mass index was only found to be associated with the dietary patterns 
identified by cluster analysis. Women who remained in a healthy dietary cluster 
compared to those who remained small eaters cluster had a lower BMI. This is 
consistent with results of the cross-sectional analysis of the original baseline cohort 
(Section 4.4.4). The spread of BMI in both men and women was relatively low 
(mean±SD; 26.1±5.6 vs. 27.6±4.6), which may have affected the ability to detect 
difference. This could be explained due to the Heart Health study sample being a 
more health conscious compared to the original WELL cohort, resulting in a 
homogeneous sample. Although we only saw a small difference in BMI between 
groups, small reductions in body weight (5-10% of initial weight) has been shown 
to decrease risk of cardiometabolic disease and improve modifiable risk factors, 
such as HbA1c, high-density lipoprotein cholesterol, triglycerides and blood 
pressure (Anderson, Kendall, & Jenkins, 2003; Wing & Marquez, 2008). 
Associations between BMI and dietary patterns have been inconsistent across 
studies (Hsiao et al., 2011; Newby & Tucker, 2004; Togo et al., 2001), however it 
is often shown to be a mediator between the dietary patterns and cardiometabolic 
risk (Fung et al., 2005; Fung et al., 2001; Lopez-Garcia et al., 2004; Mertens et al., 
2015). The complexity of the diet and disease relationship makes exploring the 
relationship between diet and BMI difficult, for example, it is possible that insulin 
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sensitivity may mediate the relationship between the intake of wholegrains and 
cardiometabolic risks (McKeown, Meigs, Liu, Wilson, & Jacques, 2002). More 
complex modelling may be required to assess diet and disease relationships in the 
future. 
Change in dietary patterns and glucose metabolism and insulin resistance 
Consistent with previous literature, an increase in the dietary factor characterised 
by vegetables dishes, fruit, fish and poultry was associated with more favourable 
concentrations of glucose and HbA1c percentage in men (Anderson et al., 2012; 
Centritto et al., 2009; Iqbal et al., 2008; Nettleton, Schulze, et al., 2008; Nettleton 
et al., 2006; Villegas, Salim, Collins, et al., 2004; Villegas, Salim, Flynn, et al., 
2004). Although the magnitude of the difference in glucose for the increase in the 
‘vegetables dishes, fruit, fish and poultry’ factor score in men was small (β=-0.04: 
95% CI -0.07, -0.01: P=0.004), any level of reduction in fasting glucose is likely to 
provide benefit for cardiometabolic risk (American Diabetes Association, 2012b). 
The magnitude of difference in HbA1c with increasing ‘vegetable dishes and fruit’ 
factor score was larger than glucose (β=-0.13: 95% CI -0.22, -0.04: P=0.006). The 
HbA1c is a better measure of glucose concentrations than measuring fasting 
glucose since it considers the average blood glucose level over the previous few 
months and the effects of a dietary intervention on HbA1c can usually be seen 
within 3 to 6 months (American Diabetes Association, Bantle, Wylie-Rosett et al., 
2008). Small reductions in HbA1c (-0.5%) are generally accepted to be clinically 
relevant in terms of reducing the risk of diabetic complications (Little, Rohlfing, 
Sacks, & National Glycohemoglobin Standardization Program Steering, 2011). 
This chapter also demonstrated that women who remained in the unhealthy cluster 
had significantly higher concentrations of fasting plasma glucose compared to 
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those who transitioned into the unhealthy cluster during the two-year study period. 
These findings confirm a temporal effect of diet on glucose with those who have 
been exposed to the unhealthy dietary pattern for a longer period time having 
poorer glucose concentrations. However the results become insignificant after 
adjusting for covariates. Previous cross-sectional dietary pattern research in older 
adults failed to demonstrate significant associations between empirically-identified 
unhealthy dietary patterns and glucose metabolism or insulin resistance 
metabolism (Centritto et al., 2009; Ganguli et al., 2011; Iqbal et al., 2008), 
however studies using dietary indices have demonstrated poor diet quality is linked 
to poorer glucose metabolism (Nettleton, Schulze, et al., 2008). It is well known 
that prolonged exposure to foods high in fat, refined grains and sweets increases 
the risk of insulin resistance and poor glucose metabolism (American Diabetes 
Association, 2012b; Fardet & Boirie, 2014). 
Change in dietary patterns and lipid profile 
Between 2010 and 2012, an increase in the PCA-derived dietary patterns 
characterised by foods consider to be healthy (PCA 1 ‘vegetables dishes, fruit, fish 
and poultry’ and PCA 4 ‘traditional vegetables’) were associated with reduced 
lipid biomarkers in men. An increase in PCA 1 score was associated with lower 
concentrations of HDL-C and an increase in PCA 4 score was associated with 
lower total cholesterol and LDL-C. The finding of increased compliance to the 
dietary pattern associated with lowered HDL-C concentration considered to be 
healthy is conflicting, as a decrease in HDL-C increases cardiovascular risk 
independently of other factors (Gordon, Probstfield, Garrison et al., 1989; Xavier, 
Izar, Faria Neto et al., 2013). Perhaps increasing compliance to this dietary pattern 
was linked to an overall lower cholesterol intake, including HDL-C. Women who 
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remained within the healthy dietary cluster between 2010 and 2012 had lower odds 
of having dyslipidaemia compared to those remaining in the small eaters or 
unhealthy cluster. Since high total cholesterol, specifically LDL-C, is a 
cardiometabolic risk factor and higher HDL-C is protective, the ratio of total 
cholesterol to HDL-C is often explored since it has greater predictive power for 
atherogenic risk and cardiometabolic disease (Millán, Pintó, Muñoz et al., 2009). 
This ratio was additionally explored in the Heart Heath data, however no 
significant associations with change in dietary patterns were found and therefore 
the data were not presented. Similarly, previous studies of older adults found no 
difference in the total cholesterol to HDL-C ratio by dietary patterns (Ganguli et 
al., 2011; Newby et al., 2004). The relationship between the identified dietary 
patterns and lipids would depend on the included food components characteristic 
of the pattern. There are various food components that independently affect lipid 
profiles, from the amount and type of fatty acids, fibre, vegetable protein, 
phytosterols and polyphenols (Rosa Cde, Dos Santos, Leite, Caldas, & Bressan, 
2015). A limitation of empirical dietary pattern methods is that the identified 
patterns are observed patterns and are not proven to capture variations in these 
important food components nor are they proven to be protective or risk factors for 
the disease of interest. 
An increase in the PCA Factor 2 score in men, characterised by spreads, biscuits, 
cakes and confectionary, was associated with a lower concentrations of total 
cholesterol, LDL-C and HDL-C. This dietary pattern is characterised by a number 
of foods that might be considered snacks. It is unclear why this snacking-type 
behaviour appears to be associated with lower circulating lipids. Similar snacking 
patterns characterised by ‘cakes/cookies/pastries’ and ‘crackers/salty snacks’ in a 
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large sample of US adults (n=18,988; 19+ years) have previously been associated 
with lower intakes of saturated fatty acids compared to those who did not snack 
(Nicklas, O’Neil, & Fulgoni III, 2014), although, the recommendation of less than 
10% of total energy from saturated fats was still exceeded in this group. The lipid 
response to dietary patterns appears complex and conflicting results are often 
found (Ordovas & Corella, 2005). Further investigation of this dietary pattern and 
in vivo interactions of lipids is required to clarify this relationship.  
Change in dietary patterns and metabolic syndrome  
Many studies have explored the individual components of the metabolic syndrome 
including BMI, triglycerides, HDL-C, blood pressure medication use and glucose 
(Gadgil, Anderson, Kandula, & Kanaya, 2015; Panagiotakos, Pitsavos, Skoumas, 
& Stefanadis, 2007). The use of the continuous risk score in this study that 
considers the relevant components, summarising them in a single continuous 
metabolic risk score add dimension to this research. This score was used as an 
outcome measure complementary to other standard biomarkers of cardiometabolic 
risk. In this study an increase in PCA Factor 2 score characterised by spreads, 
biscuits, cakes and confectionary, was associated with a higher metabolic risk 
score. The higher metabolic risk score could be partly driven by the lower HDL-C 
that was associated with an increase in this pattern. With regards to cluster 
analysis, women who remained in the healthy cluster had a lower metabolic risk 
score compared to those who transitioned into the healthy cluster and those who 
remained in the unhealthy cluster. This adds to the understanding that the amount 
of time exposed to certain dietary patterns plays a role in cardiometabolic risk. 
Extended time spent exposed to the healthy dietary pattern is important for 
reducing cardiometabolic risk. Consistently, the metabolic risk score of those who 
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remained in the unhealthy cluster was higher than those who transitioned into the 
unhealthy cluster. 
Change in dietary patterns and inflammation 
Women who remained within the unhealthy dietary cluster between 2010 and 2012 
had lower inflammation risk score compared to those who remained in the small 
eaters cluster. Those who increased PCA Factor 1 score (Vegetables, fruit and fish) 
had lower circulation CRP levels. There were no other significant associations 
found between dietary patterns and inflammation. The measure of inflammation 
was a novel measure to account for the various markers of inflammation in a single 
score. No previous studies of dietary patterns in older adults have used an 
inflammation score. A previously developed measure of systemic inflammation 
called the Glasgow prognostic score has been successful in determining prognosis 
of cancer patients (McMillan, 2013). This score only considered CRP and albumin 
and is not used in cardiometabolic research. The inflammatory process in the 
human body is a vast and complex process. An inflammatory response would 
initiate, to some degree, all inflammatory markers and therefore this measure was 
able to capture the process of inflammation using several key biomarkers. 
Previous cross-sectional studies have shown that dietary patterns rich in fruit and 
vegetables are associated with lower inflammation in older adults (Wood et al., 
2014). Similar results were found in a systematic literature review of dietary 
patterns and low-grade inflammation (Barbaresko et al., 2013). In a longitudinal 
study a healthy diet, including consumption of fruit, wine, poultry and fewer high 
fat dairy products was associated with less low-grade inflammation over a 7-year 
period in adults at risk of cardiovascular disease (van Bussel, Henry, Ferreira et al., 
2015). Mechanisms for this are thought to include the increased intake of nutrients 
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that reduce inflammation such as antioxidants (Brighenti, Valtuena, Pellegrini et 
al., 2005), dietary fibre (King, Mainous, Egan, Woolson, & Geesey, 2005) and 
magnesium (Bo, Durazzo, Guidi et al., 2006) for example. 
There were no significant association between diet quality assessed by the DGI-
2013 and the cardiometabolic risk biomarkers. Cardiometabolic biomarkers are 
likely to be influenced by a multitude of factors and it is possible that the measure 
of diet quality was unable to capture the dietary mechanisms of cardiometabolic 
risk. Differences between different dietary indices and inflammation biomarkers 
have previously been shown in a comparison of dietary indices (Fung et al., 2005). 
These differences are likely to be attributed to by the differences in food 
components and nutrients of each score (Fung et al., 2005). The combination of the 
dietary components included in the DGI-2013 may distort potential associations, it 
would be useful to explore the components of the diet quality score individually or 
use an index that has been designed specifically to capture the differences in 
cardiometabolic risk. Furthermore, the change score might not have been large 
enough to detect longitudinal associations. Previous research of longitudinal 
associations between diet and cardiometabolic biomarkers is limited. Mertons et al. 
(2015) explored change in lipid biomarkers in relation to change in three different 
dietary index scores and also found no associations. Cross-sectional studies have 
had mixed results between indices and biomarkers of cardiometabolic disease, with 
several finding no associations with biomarkers (Drewnowski et al., 2009; Fung et 
al., 2005; Mertens et al., 2015; Nettleton, Schulze, et al., 2008). 
There were no associations found between the cardiometabolic biomarkers and 
change in the PCA-determined dietary factor characterised red or processed meat, 
white bread, fried fish and hot chips in men. This dietary pattern is consistent with 
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unhealthy dietary patterns that have previously been linked to increased 
cardiometabolic risk (Maghsoudi et al., 2016). Change in neither of the PCA-
derived dietary patterns in women was associated with the biomarkers of 
cardiometabolic risk, yet there were some associations seen by cluster transition. 
There are many inconsistencies identified in the literature regarding diet and 
disease relationships, which highlights the challenges faced in dietary pattern 
research (Newby & Tucker, 2004). The dietary patterns obtained by the different 
dietary pattern methods and within different populations are likely to differ in 
nutrient composition (Newby & Tucker, 2004). Further work is required to 
improve techniques used to assess diet and disease risk relationships. 
Strengths and limitations 
Some limitations are acknowledged in this study. Those who agreed to participate 
in the Heart Health study may have been more health conscious in comparison to 
the original cohort, potentially reducing the range of variation in the outcomes 
measured. Heart Health participants were more highly educated, more likely to be 
non-smokers and meeting physical activity recommendations than the baseline 
sample. In the Heart Health sample mean lipid concentration values fell within the 
references range with less than half of the participants having elevated cholesterol 
levels. Only 24% of men and 43% of women had elevated total cholesterol (greater 
than 5.5mmol/L) and 23% of men and 32% of women had elevated LDL-C 
(greater than 3.4mmol/L) and less than 5% of men and women had elevated 
inflammation marker, CRP (greater than 10mg/L). Similarly, few women had 
diabetes, meaning that risk of diabetes could not be assessed. Only 14% of men 
and 8% of women had elevated glucose (greater than 6mmol/L) and 19% of men 
and 12% had elevated insulin (greater than 21 mIU/L) and therefore there was 
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perhaps not enough power to see an association between dietary patterns and these 
biomarkers. 
The diet and cardiometabolic risk relationship is complex, it is possible that there 
are a number of unadjusted confounding variables in the analyses. BMI and fat 
distribution for example, has been found to account for a large part of the 
associations between diet and cardiometabolic risk (Schulze, Manson, Willett, & 
Hu, 2003) including insulin sensitivity and glucose metabolism (Despres, 2012), 
lipids (Fung et al., 2001; Mertens et al., 2015) and inflammation (Dandona, 
Weinstock, Thusu et al., 1998; Fung et al., 2005; Lopez-Garcia et al., 2004; 
Winkler, Salamon, Harmos et al., 1998). BMI were therefore adjusted for in this 
study to strengthen the analysis. There are other potential confounders that may not 
have been adjusted for in the current study, introducing limitations to this analysis. 
For example, genetic components may influence the variation in biomarkers in 
response to diets (Ordovas & Corella, 2005). There is also a suggestion that high 
iron stores may impair insulin sensitivity, increase glucose concentrations and the 
risk of diabetes (Hua, Stoohs, & Facchini, 2001). However, this supports the use of 
dietary patterns as opposed to individual nutrients to capture nutrient interactions.  
6.5 Conclusion 
This chapter outlines the results of the analysis that explores change in dietary 
patterns and cardiometabolic biomarkers in peri-retirement aged older adults. 
Several associations were found consistent with current understanding, supporting 
that healthier dietary patterns characterised by fruit and vegetables are associated 
with more favourable biomarkers. However, some of the identified dietary 
patterns, including diet quality assessed via the DGI-2013, were not associated 
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with any biomarkers of cardiometabolic risk. These results highlight the 
complexity of the diet and cardiometabolic risk relationship and further research is 
required to improve understanding in peri-retirement aged older adults.
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Chapter 7: General discussion 
Dietary patterns are defined as the frequencies, quantities, proportions, variety or 
combinations of usual food and beverage consumption, and provide a 
complementary approach to exploring individual nutrients and foods (Tucker, 
2010). The relationship between individual dietary components and disease is 
complicated by the interactions and correlations between various nutrients and 
food components making it difficult to examine their effect separately (Jacobs & 
Steffen, 2003 ; Kant, 2004; Sandstrom, 2001). Therefore, exploring dietary 
patterns in their entirety is an important area in nutritional epidemiology. Research 
involving dietary patterns is increasingly being incorporated into the evidence base 
underpinning dietary guidelines (U.S. Department of Health and Human Services 
and U.S. Department of Agriculture., December 2015), with a view to develop 
practical nutrition messages that are more easily understood by the general 
population. 
Dietary patterns have been extensively used over the past few decades to 
characterise dietary intake, however many challenges with these methods have 
been highlighted (Devlin et al., 2012; Kourlaba & Panagiotakos, 2009; Satija et al., 
2015; Waijers et al., 2007). Standardisation of dietary pattern methodologies and 
new ways of interpreting data, are being investigated to aid the interpretation of 
results and consolidate findings in this field (Bailey et al., 2006; Liese, Krebs-
Smith, Subar et al., 2015; Lo Siou et al., 2011). Methodological comparisons play 
a role in determining best practice and understanding the role of dietary patterns in 
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diet and disease research to move forward in this field (Kant, 2004; Newby et al., 
2004). 
This thesis contributes to the current literature around the methods of assessing 
dietary patterns. Three dietary pattern assessment methods were used and 
compared within the same data set from peri-retirement aged older adults and are 
examined over time, and associations with cardiometabolic risk were explored. 
This provided an excellent opportunity to evaluate these methods. This chapter 
discusses the findings of this thesis and the implications for future research and 
public health practice. 
7.1 Dietary pattern assessment and methodological challenges 
This thesis compared the use of principal component analysis (PCA), cluster 
analysis and a diet quality index to describe the dietary patterns of Australian older 
adults during the peri-retirement life stage, an understudied group at increased risk 
of diet-related diseases. This research found that dietary patterns determined by 
PCA appears to be more interpretable than those from cluster analysis and were 
more reproducible over time. These findings are consistent with the few existing 
studies comparing methods (Cunha et al., 2010; Hu, Rimm, Smith-Warner et al., 
1999; Walthouwer et al., 2014). Factor analysis continues to be more commonly 
used in dietary pattern research compared to cluster analysis (Newby & Tucker, 
2004). The continuous nature of factor scores is useful in analyses since they can 
be assessed within a regression model. This may be one explanation for their 
popularity in diet and disease research, in comparison to clusters that require a 
reference category resulting in a lower power for analysis (Tucker, 2010; Wirfalt et 
al., 2013). However, the grouping of individuals into mutually exclusive group in 
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cluster analysis make the understanding of the sub-populations easier than the 
analysis of factors scores and is often used when researchers want to describe the 
characteristics of the sub-populations in their data set (Tucker, 2010). The clusters 
identified in this thesis were difficult to interpret, making the application of them 
in real world situations difficult. The uneven cluster sizes reduced their power and 
made further analysis of clusters with participant characteristics or disease risk 
difficult. 
Empirical dietary pattern methods are useful as they characterise the total diet 
according to dietary intake information provided (Moeller et al., 2007). However, 
the dietary patterns obtained are unique to the population sampled, which may 
limit reproducibility and hinder comparisons across studies. Theoretical methods, 
such as the use of a diet quality index and other composite scores of recommended 
dietary patterns, can be compared more easily over time as they provide a constant 
measure based on prior knowledge and existing national guidelines (Waijers et al., 
2007). They are simple to interpret but limited by current nutritional knowledge 
and interpretation by the researcher in development of the index (Moeller et al., 
2007).  
Use of composite dietary patterns may have some disadvantages. The final score 
can be achieved with multiple combinations of sub-components, meaning that 
individuals with different dietary patterns can have the same overall score making 
it difficult to characterise dietary patterns (Tucker, 2010). These difficulties are 
also relevant when examining changes over time, as there may be changes in 
individual components that are obscured when exploring only the overall diet 
quality index score. Therefore, exploring the individual components of the diet 
quality index may provide a useful addition to the analysis. This allows for the 
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identification of specific dietary guidelines that have poor compliance and require 
attention. Furthermore, if everyone within the population scores well on a dietary 
index, although this information is useful in population surveillance, it may be 
difficult to discriminate between individuals when assessing the relationship with 
disease (Waijers et al., 2007). Recent research has explored new ways of 
interpreting diet quality indices, which helps researchers to consider the patterns in 
the component scores rather than just looking at the overall score (Liese et al., 
2015; Reedy et al., 2015). Applying new patterning techniques to indices to 
provide further insight into the score, for example radar graphs or cluster analysis 
of components scores, may be helpful in the future (Reedy et al., 2015). 
As discussed in Section 2.4.2, both empirical- and theoretical-based dietary pattern 
methods require many subjective decisions in order to obtain the dietary patterns 
(Moeller et al., 2007; Waijers et al., 2007). Each of these decisions, from the way 
food groups are collapsed to the number of identified dietary patterns, may have 
different effects on the outcome. For example, the percentage of variance 
explained by PCA factors are impacted by the number of items used in the analysis 
and should therefore be interpreted carefully (Ashby-Mitchell, Peeters, & Anstey, 
2015; Hu et al., 1999; McCann et al., 2001). It is common to see low amounts of 
variance explained by the derived PCA dietary patterns (Bedard et al., 2015). In 
our study the total variance explained by the identified factors ranged from 14% to 
23%. A consistent problem in the field of dietary patterns is the labelling of 
identified dietary patterns. Labelling is subjective, similar labels can have different 
characteristics, for example a label such as ‘healthy’ may have various 
combinations of different foods considered to be ‘healthy’ across studies, creating 
further complications with the interpretation of study results and for synthesising 
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results across studies. It is therefore, important to present the data for all food 
groups inputted into the analysis so that patterns can be interpreted correctly 
(Newby & Tucker, 2004). Recommended practices were used throughout this 
thesis for dietary pattern analysis in order to reduce the subjectivity of our analyses 
and results. In this thesis, the descriptive labelling of patterns was avoided and 
labels were determined by listing the significant food groups that characterised the 
pattern instead. 
Longitudinal analysis is particularly challenging when assessing dietary patterns. 
Few studies have explored dietary patterns longitudinally in adults (Arabshahi et 
al., 2011; Chocano-Bedoya, O'Reilly, Lucas et al., 2013; Dekker et al., 2013; Fung 
et al., 2007; Harrington et al., 2014; Lee et al., 2007; Mishra et al., 2006; Prevost et 
al., 1997) or in children (Brazionis, Golley, Mittinty et al., 2012; Lioret et al., 
2015), however it is a developing field. It is difficult to compare empirical dietary 
patterns longitudinally, particularly when different patterns may emerge over time. 
For PCA, calculating PCA factor scores based on the baseline factor loadings 
rather than comparing the dietary patterns at each time point helped to overcome 
this. However, this technique is limited when the dietary patterns are not similar 
across time. With respect to dietary patterns assessed using cluster analysis, 
considering the transition of individuals between clusters at each time point was 
useful. However, this can provide difficulties with respect to interpretation of the 
transitions and also practical issues with respect to the number of categories and 
small sample sizes. Furthermore, longitudinal epidemiological studies in older 
adults present practical challenges such as age-related change in physiological 
factors, cognition and perception that may influence the data (Wakimoto & Block, 
2001). The longitudinal analysis of dietary patterns is important for nutritional 
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epidemiology because diet is a long term exposure and chronic disease is often a 
result of long term exposure to risk factors (Mendis et al., 2011). New approaches 
to improve analysis of long-term dietary patterns are emerging, such as using the 
cumulative average of the dietary pattern scores over time (Chocano-Bedoya et al., 
2013; Sanchez-Villegas, Henriquez-Sanchez, Ruiz-Canela et al., 2015) and multi-
time point application of dietary data from all time points into PCA (Brazionis et 
al., 2012; Lioret et al., 2015). 
7.2 The revision of the DGI-2013 
The Australian Dietary Guidelines were revised in 2013 according to the latest 
scientific evidence for dietary recommendations (National Health and Medical 
Research Council, 2011; National Health and Medical Research Council, 2013b). 
To remain up to date, the Dietary Guideline Index (DGI) was revised 
appropriately. Key changes to the index included revisions of the scoring criteria in 
line with the revised age- and sex- specific food-based recommendations and the 
addition of a component to reflect the new guidelines that makes allowances for 
moderate intake of unsaturated fat (National Health and Medical Research Council, 
2013a). The original DGI was shown to reflect intake of key nutrients and 
discriminate across varying socioeconomic factors, health behaviours and health 
outcomes (Alhazmi, Stojanovski, McEvoy, Brown, et al., 2014; Arabshahi et al., 
2012; McNaughton et al., 2008; McNaughton et al., 2009). In this thesis, a high 
score on the Revised Dietary Guideline Index (DGI-2013) was associated with a 
higher level of education, being married and living in an urban area. Positive health 
behaviours (never smoking and meeting the physical activity guidelines) were 
associated with a higher DGI-2013 score compared to those displaying negative 
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health behaviours and were inversely associated with BMI, consistent with the 
original measure (McNaughton et al., 2008) demonstrating convergent validity of 
the revised tool. Not smoking and a diagnosis of a cardiometabolic-related 
condition prior to baseline measures (men only) were also able to predict an 
increase in diet quality (DGI-2013 score) in the longitudinal analysis. However, the 
longitudinal change in total DGI-2013 score over 2 years was not associated with 
cardiometabolic risk in this study and it is possible that the measure of diet quality 
was unable to capture the dietary mechanisms of cardiometabolic risk. This tool is 
up to date with current Australian dietary recommendations a valuable tool for use 
in research as a measure of diet quality and for population surveillance, specific for 
use in Australians. Other diet quality assessment tools such as the HEI are 
designed and updated according the American Dietary Guidelines or other 
population specific dietary patterns. It is important to have an Australian based 
index in order to keep up in the international nutrition field and to reflect the 
national guidelines specific to the population. 
7.3 Dietary patterns and characteristics of older adults 
Previous literature has established that age is associated with increased diet quality 
(Hiza et al., 2013; Thiele et al., 2004). However, the diet quality of older adults 
remains poor (Australian Bureau of Statistics, 2013a; Deierlein et al., 2014; Ervin, 
2008; Ryan et al., 1992). Poor diet is of concern in this age group since they are 
already at high risk of cardiometabolic disease. Improving diet is likely to provide 
benefit for cardiometabolic risk in the ageing population (Department of Health 
and Ageing, 2001). There is little research available that has characterised the 
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dietary patterns of older adults, and specifically in the transitional period of peri-
retirement. 
The results from this thesis were consistent with the previous evidence in adult 
populations. Men and women aged 55 to 65 years living in a rural location, with a 
low socioeconomic position and reporting negative health-related behaviours 
(smoking and not meeting physical activity recommendations) were more likely to 
have dietary patterns consistent with a ‘less-healthy’ pattern. Employment status 
influenced dietary patterns differently by gender with working full-time associated 
with the less-healthy pattern in men while not working associated with the less-
healthy pattern in women. 
7.4 Change in dietary patterns in older adults 
This thesis demonstrated stability in the overall dietary patterns of peri-retirement 
aged women over four years. However, the dietary patterns identified in men were 
less stable. Individual stability within the dietary patterns was not necessarily 
observed, with significant changes in factors scores for dietary patterns determined 
by PCA. This is consistent with previous longitudinal studies (Mishra et al., 2006; 
Prevost et al., 1997). Cluster analysis in women demonstrated changes in cluster 
assignment with a number of women transitioning to a different cluster, similar to 
a previous study (Dekker et al., 2013). It may be important to capture these 
changes in longitudinal studies by using repeated measure analysis or regression 
modelling when exploring the relationship between diet and health outcomes. 
Longitudinal studies that have explored dietary patterns assessed by diet indices 
demonstrated an improvement in diet with age (Arabshahi et al., 2011; Fung et al., 
Chapter 7: Discussion 
203 
 
2007; Hu, Stampfer, et al., 2000; Lee et al., 2007). Consistently, diet quality 
improved from 2010 to 2014 in peri-retirement aged men, but no change was 
found in women in this thesis. The overall compliance to the Australian Dietary 
Guidelines was low in older adults, as indicated by a low mean overall DGI-2013 
score in the same. As previously mentioned, considering only the overall index 
score can limit the findings of a score-based dietary pattern. Further exploration of 
the DGI-2013 components indicated that there were significant changes in the 
individual component scores. We found that over four years men increased their 
vegetable consumption and decreased their diet variety, salt use, sugar intake and 
alcohol consumption. While women decrease their diet variety, fruit, water, 
discretionary food and extra sugar intake and increased their saturated fat intake. 
This provides some insight into the areas of diet that may need to be improved. It 
may be important to identify the underlying dietary patterns that determine the 
overall DGI-2013 score in future research. 
The results of this thesis identified characteristics of peri-retirement aged adults 
that predicted a change in dietary pattern over 4 years. Having a higher level of 
education and demonstrating positive lifestyle characteristics including not 
smoking, meeting physical activity recommendations and avoiding weight gain 
were all predictors of positive change. This information is useful for use in public 
health, in that establishing a healthier lifestyle early may help track these 
behaviours into later life. It also helps to confirm that those needing additional 
support to achieve healthier dietary patterns are those of low socioeconomic status 
and with already poor lifestyle behaviours. These results are consistent with 
previous research that suggests that adults with poor education were less likely to 
make positive health changes (Darmon & Drewnowski, 2008; Shatenstein et al., 
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2015; Winkleby, Flora, & Kraemer, 1994). There may be other predictors of 
positive dietary and health changes that were not explored in this study that need to 
be considered. These can extend beyond an individual’s lifestyle factors and 
education, including social and community support as well as general 
socioeconomic, culture and environmental conditions (Marmot, 2000; Shatenstein 
et al., 2015). Future research should explore these predictors of dietary change in 
more detail. Research may also need to explore predictors of dietary change 
specific to sub-populations, such as those newly diagnosed with cardiometabolic 
disease (Pragodpol & Ryan, 2013), which may differ from the general population. 
7.5 Dietary patterns and cardiometabolic risk in older adults 
It is well understood that diet is a key factor for a number of interconnected 
cardiometabolic risk factors including BMI, lipid profile, insulin sensitivity and 
inflammation (Mozaffarian, 2016). Few studies have explored the relationship 
between dietary patterns and these cardiometabolic biomarkers in peri-retirement 
aged adults (Belin et al., 2011; Martinez-Ortiz et al., 2006). Peri-retirement aged 
adults may experience change in dietary patterns, particularly during transitional 
life events (Davies, 1990; Eng et al., 2005; Lee, Cho, et al., 2005), and therefore 
long-term dietary patterns and changes in diet are important to consider. Previous 
studies that explored longitudinal dietary patterns and cardiometabolic biomarkers 
are limited (Mertens et al., 2015), however, the results of this thesis are consistent 
with these findings. The results of this thesis are also consistent with cross-
sectional studies (Maghsoudi et al., 2016; Rodriguez-Monforte et al., 2015; 
Schwingshackl & Hoffmann, 2015), proposing that a greater compliance to a diet 
characterised by vegetables, fruit, fish and poultry over time is associated with 
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lower cardiometabolic risk in peri-retirement aged adults compared to a dietary 
pattern characterised by red meat, processed meat and refined grains. The lack of 
association between the DGI-2013 and biomarkers seen in this thesis may have 
been due to the combination of dietary components included in the index that may 
not have directly influenced the chosen biomarkers. Also the sample used in the 
analysis may have been less heterogeneous than the original baseline cohort with a 
tendency to be more health conscious. Exploration of the cluster transition 
categories established that the time spent within a particular cluster might be 
important for cardiometabolic risk. Those who transitioned into the unhealthy 
cluster had a lower cardiometabolic risk compared to those who remained in the 
unhealthy cluster for the entire study period, and similarly, those who transitioned 
into the healthy cluster had a higher cardiometabolic risk compared to those who 
remained in this cluster over four years. Exploring diet at more than one time point 
may be an important next step in dietary pattern research in order to capture the 
long term effects of diet on disease risk.  
7.6 Strengths and limitations 
A particular strength of this thesis was the use of three different dietary pattern 
methods. This provided a good opportunity to compare the outcomes and add to 
the literature regarding our understanding of these methodologies. This study also 
explored an understudied population of peri-retirement aged adults. Most dietary 
pattern research has focussed on a broad adult population, however peri-retirement 
may be a discrete sub-population with unique dietary patterns and cardiometabolic 
risk profiles. Peri-retirement is a transitional period of life in that key life events 
may occur such as reduced employment, retirement, age-related illness and 
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changes in family (Davies, 1990; Eng et al., 2005; Lee, Cho, et al., 2005). There is 
a potential for dietary behaviours to change along with these lifestyle changes and 
this thesis adds to the limited literature in this area.  
The work within this thesis is not without limitations. The analysis of 
cardiometabolic biomarkers was limited by the availability of data, with 
biomarkers only measured in 2012, therefore, no baseline measure could be used to 
adjust the analysis or measure change in biomarkers with respect to change in 
dietary patterns. The short time frame of only two years to assess change in dietary 
patterns with cardiometabolic risk may not have been long enough to observe 
significant magnitude of change in diet. It would be useful to repeat the analysis 
with a longer study period over the peri-retirement period. The dietary patterns 
identified by cluster analysis in this population presented some difficulties for 
further analyses. For example the identified clusters in men in 2012 and 2014 
could not be interpreted and were therefore not used in the longitudinal analyses in 
Chapter 5 and 6. 
7.7 Implications for future practice and research 
The work within this thesis will help improve understanding of diet within the 
context of a unique life stage. Peri-retirement aged adults are a population in 
transition in which health initiatives may be of benefit. We highlighted that 
negative health-related behaviours including poor diet, smoking and not meeting 
physical activity recommendations appear to be a cluster of connected negative 
health-related behaviours that may track into the future. This is a group that should 
be targeted in health initiatives. Poor dietary patterns were also linked to 
individuals living in a rural location and those with a low socioeconomic status. 
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Similarly, these characteristics and behaviours predicted negative change in dietary 
patterns over the four years of this study. Targeting the collection of negative 
health-related behaviours in the disadvantaged socioeconomic groups may help to 
address poor diet among this population. 
Further research to understand if those within this life stage are amenable to 
change is required. It would be important to find out if they are they willing to 
change their diet at this age in life and what might trigger change. For example, 
perhaps older adults might be willing to make behaviour change as risk of illness 
become apparent (Chapman & Ogden, 2009). Other life stage transitions such as a 
change in role (e.g. marriage, divorce or becoming a grandparent), location (e.g. 
moving home) or resources (e.g. job loss or retirement) each have unique impacts 
on diet (Devine, 2005). Negative experiences such as losing a loved one may make 
positive dietary change more difficult as we know that living along is risk factor 
for poor nutrition (Hanna & Collins, 2015). Further research into how these life 
stage transitions can be used improve the diets of older adults and mitigate these 
potentially negative life stages is needed. 
The DGI-2013 revealed that compliance to the overall Australian Dietary 
Guidelines remained low and exploration of the DGI-2013 components identified 
areas that may need improvement. Diet variety decreased in both men and women 
over time, while women showed reduced fruit intake and increased saturated fat 
intake. These may be particular areas of diet that require improvement in peri-
retirement adults to assist with the reduction of cardiometabolic risk and other 
nutrition-related diseases. In order to implement this into public health practice, 
further research in this sub-population of older adults would be beneficial, 
Chapter 7: Discussion 
208 
 
including research that confirms the findings of this study and explores 
effectiveness of potential initiatives in peri-retirement aged adults. 
The transition from studying single nutrients to studying dietary patterns has 
advantages for exploring diet and its relationship with disease such as accounting 
for the complex interaction between food components. Dietary patterns analysis 
has extensively been used in previous research. However, dietary patterns are 
complex measures and continued work is required to understand these 
methodologies and find new ways to interpret the data. Finding suitable methods to 
assess long-term dietary patterns is also an appropriate next step to advance 
nutrition epidemiology. Diet is a long-term risk factor of chronic diseases such as 
cardiometabolic disease and therefore, it is important to consider this when 
exploring the diet and disease relationship. Few studies have characterised long-
term dietary patterns or used repeated measures of dietary patterns. The results of 
this thesis demonstrated that the dietary patterns of individuals of a peri-retirement 
population could change in as little as four years, supporting the need to further 
explore dietary patterns longitudinally. 
Further research that explores the relationship between dietary patterns and 
cardiometabolic risk in peri-retirement aged adults is also required. There is much 
evidence to suggest that diet is associated with cardiometabolic risk, however the 
results among peri-retirement aged adults require further clarification. In particular, 
it would be useful to explore changes that occur in cardiometabolic biomarkers in 
relation to long-term dietary pattern exposure. 
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7.8 Conclusion 
This thesis explored dietary patterns of older adults using empirical- and 
theoretical-based dietary pattern approaches. Although each method produces 
varying findings, overall dietary patterns of older adults were poor, with each 
method identifying areas that could be targeted to improve health. The findings of 
this thesis suggest that those with low socioeconomic position and those reporting 
negative health-related behaviours (smoking and not meeting physical activity 
recommendations) are at particular risk of poor diet and should be targeted in 
health initiatives. Change in dietary patterns towards a poorer diet was also 
associated with increased cardiometabolic risk measured by various biomarkers, 
however confirmation in further studies is required. 
Additionally, this thesis provided important information for researchers. It provides 
an updated measure of diet quality for use in Australian adults. This tool can be 
used as a measure of diet quality as well as for assessing compliance to dietary 
guidelines in population surveillance in Australians. This thesis also adds to the 
understanding of empirical dietary pattern methods and their use longitudinally. 
Further work is required to improve interpretation and use of dietary patterns and 
to understand how to measure dietary patterns longitudinally, to advance in the 
field of nutrition.
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Appendix 
Appendix A: Dietary patterns and biomarkers of cardiometabolic risk summary 
table 
This appendix contains a summary table of the identified research studies 
discussed in Chapter 2, Section 2.6.2, that explore the relationship between 
principal component analysis, cluster analysis and dietary indices with biomarkers 
of cardiometabolic risk.
   
Table A
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ary of dietary patterns and biom
arkers of cardiom
etabolic risk in adults 1 
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D
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Principal com
ponent or factor dietary analysis 
(Fung et al., 
2001) 
n=466 
A
ged 40-75 years 
M
en only 
Free from
 chronic 
disease 
U
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2.4±0.3 vs. 1.8±0.3; P
trend =0.017 
1.7±0.3 vs. 2.5±0.3; P
trend =0.04 
5.4±0.01 vs. 5.5±0.01; P
trend =0.06 
13.9±0.6 vs. 16.8±0.6; P
trend =0.004 
(Lopez-G
arcia 
et al., 2004) 
n=732 
A
ged 43-69 years 
W
om
en only 
Free from
 chronic 
C
ross-sectional  
Principal 
com
ponent analysis 
 B
ased on a 116 
item
 SQ
 FFQ
 
‘Prudent pattern’: 
vegetables, fruit, legum
es, 
w
holegrains, fish, and 
poultry 
‘W
estern pattern’: red m
eat, 
C
R
P 
IL-6 
  Prudent 
C
R
P (m
g/dL) 
IL6 (pg/m
L) 
W
estern 
V
alues are geom
etric (95%
C
I), low
est quintile vs. 
highest quintile of pattern 
 0.15(0.12, 0.18) vs. 0.13(0.11, 0.16); P
trend =0.05 
1.9(1.7, 2.2) vs. 1.8(1.6, 2.0); P
trend =0.32 
 
   
disease 
U
.S. N
urses’ 
H
ealth Study 
cohort 
classified into 37 
food groups 
processed m
eat, refined 
grains, sw
eets, desserts, 
fries, and high-fat dairy 
products 
C
R
P (m
g/dL) 
IL6 (pg/m
L) 
0.12(0.10, 0.15) vs. 0.17(0.14, 0.20); P
trend =0.04 
1.8(1.6, 2.0) vs. 2.0(1.8, 2.3); P
trend =0.16 
(N
ew
by et al., 
2004) 
n=459 
A
ged 30-80 years 
Free from
 chronic 
disease 
U
.S. B
altim
ore 
Longitudinal 
Study of A
ging 
C
ross-sectional 
Principal 
com
ponent analysis 
B
ased on 7 day 
dietary records 
classified into 40 
food groups 
‘R
educed fat dairy, fruit 
and fibre’: reduced-fat dairy 
products, ready-to-eat 
cereal, fruit, fruit juice, 
non-w
hite bread, nuts and 
seeds, w
hole grains, beans 
and legum
es 
‘Protein and alcohol’: 
seafood, poultry, 
vegetables, alcohol, soup 
and soft drink 
‘Sw
eets’: sw
eetened drinks, 
reduced-fat dairy desserts, 
fast food, vegetables, and 
fruit 
‘V
egetable fat and 
vegetables’: m
argarines, 
vegetable oils, starchy 
vegetables, w
hite bread, 
and refined grains  
TC
 
TA
G
 
LD
L-C
 
H
D
L-C
 
TC
:H
D
L-C
 
 R
educed-fat dairy 
products, fruit, and fibre 
TC
 (m
g/dL)  
TA
G
 (m
g/dL)  
LD
L-C
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TC
:H
D
L-C
 (m
g/dL) ratio 
Protein and alcohol 
TC
 (m
g/dL)  
TA
G
 (m
g/dL) 
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL)  
TC
:H
D
L-C
 (m
g/dL) ratio   
Sw
eets 
TC
 (m
g/dL)  
TA
G
 (m
g/dL)  
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL)  
TC
:H
D
L-C
 (m
g/dL) ratio  
V
alues are ±SEM
, low
est quintile vs. highest quintile of 
pattern 
 215.3±3.9 vs. 210.8±3.8; P
trend =0.20 
117.7±6.5 vs. 99.1±6.2; P
trend =0.02 
118.5±3.6 vs. 117.8±3.5; P
trend =0.65 
48.8±1.2 vs. 48.3±1.2; P
trend =0.69 
4.7±0.2 vs. 4.7±0.2; P
trend =0.74 
 215.6±3.7 vs. 219.8±3.7; P
trend =0.04 
112.1±6.2 vs. 114.5±6.3; P
trend =0.77 
123.3 vs. 123.3±3.4; P
trend =0.26 
45.1±1.1 vs. 48.6±1.1; P
trend =0.006 
5.0±0.2 vs. 4.8±0.1; P
trend =0.39 
 210.1±3.8 vs. 208.1±3.8; P
trend =0.31 
107.0±3.5 vs. 104.9±6.3; P
trend =0.82 
115.9±3.5 vs. 116.5±3.5; P
trend =0.73 
48.4±1.1 vs. 45.7±1.1; P
trend =0.02 
4.7±0.1 vs. 4.9±0.1; P
trend =0.02 
(M
artinez-O
rtiz 
et al., 2006) 
n=518 
A
ged ~45-70 years 
C
osta R
ica 
C
ross-sectional  
Principal 
com
ponent factor 
analysis 
B
ased on a SQ
 FFQ
 
classified into 42 
food groups 
‘V
egetable’: vegetables and 
fruits 
‘Staple’: use of palm
 oil for 
cooking, refined grains, 
legum
es, coffee, added 
sugar, and red m
eat 
TA
G
 
LD
L-C
 
H
D
L-C
 
 V
egetable 
TA
G
 (m
m
ol/L) 
LD
L-C
 (m
m
ol/L)  
H
D
L-C
 (m
m
ol/L)  
Staple 
TA
G
 (m
m
ol/L)  
LD
L-C
 (m
m
ol/L)  
H
D
L-C
 (m
m
ol/L)  
V
alues are , low
est quintile vs. highest quintile of pattern 
 2.32 vs. 2.34; P
trend  <0.05 
2.98 vs. 3.00; P
trend  <0.05 
1.03 vs. 1.14; P
trend  <0.01 
 2.33 vs. 2.26; P
trend <0.05 
3.01 vs. 3.03; P
trend <0.05 
0.59 vs. 1.06; P
trend <0.05 
(N
ettleton et al., 
2006) 
n=5,089 
A
ged 45-84 years 
Free from
 diabetes 
The U
.S. M
ulti-
Ethnic Study of 
A
therosclerosis 
C
ross-sectional 
Principal 
com
ponent analysis 
B
ased on a 120 
item
 SQ
 FFQ
 
classified into 47 
food groups  
‘Fats and processed m
eat’: 
fats, processed m
eat, fried 
potatoes, and desserts 
‘V
egetables and fish’: 
vegetable, fish, soup, 
C
hinese foods, red m
eat, 
poultry, and soy 
LD
L-C
 
H
D
L-C
 
G
lucose  
Insulin 
C
R
P 
IL-6 
H
om
ocysteine 
   Fats and processed m
eat  
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL) 
G
lucose (m
g/dL) 
G
lucose insulin, LD
L-C
 and H
D
L-C
 values are ±SEM
, 
inflam
m
ation m
arker values are geom
etric ±estim
ated 
SEM
, low
est quintile vs. highest quintile of pattern 
 116.5±1.12 vs. 120.8±1.27; P
trend <0.05 
51.5±0.49 vs. 51.2±0.56; P
trend >0.05 
95.2±0.33 vs. 96.0±0.38; P
trend >0.05 
   
(M
ESA
) 
‘B
eans, tom
atoes, and 
refined grains’: beans, 
tom
atoes, refined grains, 
high-fat dairy foods, 
avocado/guacam
ole and red 
m
eat) 
‘W
holegrains and fruit’: 
w
holegrains, fruit, nuts and 
seeds, green leafy 
vegetables, and low
-fat 
dairy foods 
Insulin (m
g/dL)  
C
R
P (m
g/L)  
IL-6 (pg/m
L)  
H
om
ocysteine (μg/m
L)  
V
egetables and fish  
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL)  
G
lucose (m
g/dL)  
Insulin (m
g/dL)  
C
R
P (m
g/L)  
IL-6 (pg/m
L) 
H
om
ocysteine (μg/m
L)  
B
eans, tom
atoes and 
refined grains 
LD
L-C
 (m
g/dL) 
H
D
L-C
 (m
g/dL)  
G
lucose (m
g/dL)  
Insulin (m
g/dL) 
C
R
P (m
g/L)  
IL-6 (pg/m
L) 
H
om
ocysteine (μg/m
L) 
W
holegrains and fruit 
pattern 
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL)  
G
lucose (m
g/dL)  
Insulin (m
g/dL)  
C
R
P (m
g/dL)  
IL-6 (pg/m
L)  
H
om
ocysteine (μg/m
L)  
40.0±1.04 vs. 48.5±1.18; P
trend <0.05 
1.52±1.04 vs. 2.02±1.05; P
trend <0.001 
1.09±1.02 vs. 1.26±1.03; P
trend =0.001 
8.60±1.01 vs. 8.95±1.01; P
trend =0.004 
 117.4±1.05 vs. 119.0±1.16; P
trend >0.05 
52.5±0.46 vs. 50.7±0.51; P
trend >0.05 
95.2±0.31 vs. 95.6±0.34; P
trend >0.05 
43.7±0.97 vs. 41.8±1.07; P
trend >0.05 
1.75±1.04 vs. 1.73±1.04; P
trend =0.31 
1.21±1.02 vs. 1.14±1.02; P
trend =0.031 
8.85±1.01 vs. 8.67±1.01; P
trend =0.98 
  118.0±0.05 vs. 115.9±1.20; P<0.05 
52.2±0.46 vs. 50.9±0.52; P<0.05 
95.4±0.31 vs. 95.7±0.35; P
trend >0.05 
43.7±0.97 vs. 43.6±1.11; P
trend <0.05 
1.70±1.04 vs. 1.84±1.04; P
trend =0.09 
1.18±1.02 vs. 1.17±1.02; P
trend =0.42 
8.66±1.01 vs. 8.82±1.01; P
trend =0.78 
  119.0±1.09 vs. 115.6±1.07; P
trend <0.05 
51.7±0.48 vs. 52.2±0.47; P
trend >0.05 
96.6±0.32 vs. 95.2±0.32; P
trend <0.05 
46.2±1.00 vs. 40.4±0.99; P
trend <0.05 
1.96±1.04 vs. 1.55±1.04; P
trend <0.001 
1.26±1.02 vs. 1.12±1.02; P
trend <0.001 
8.97±1.01 vs. 8.58±1.01; P
trend <0.001 
(Panagiotakos, 
B
ountziouka, et 
al., 2007) 
 
n=646 
A
ged 65 and over 
Free from
 C
V
D
 
The M
editerranean 
islands 
 
C
ross-sectional 
Principal 
com
ponent factor 
analysis 
 B
ased on a 15 food 
group SQ
 FFQ
 
 
1: H
igh intakes of low
-fat 
products (fish, vegetables, 
legum
es, olive oil) 
2: H
igh glycaem
ic index 
and high-fat (m
eat, 
potatoes, pasta) 
3: H
igh intakes of cereals 
and sw
eets  
4: H
igh intake of dairy 
products and fruits  
5: Typically alcoholic 
beverages  
O
bese 
(B
M
I≥30.0) 
H
yper-
cholesterolem
ia 
(TC
>200m
g/dL, 
or the use of lipid 
low
ering agents) 
D
iabetes 
(fasting glucose 
>125m
g/dL, or 
the use of 
diabetes-related 
m
edication) 
 O
ther C
V
D
 risk 
 
Factor 3 
 
Factor 2  
Factor 3  
 
Factor 1  
Factor 3  
  
   
Factor 1  
Factor 2 
O
R
 for being obese per unit increase of factor: 
0.67; P=0.001 
O
R
 for hypercholesterolem
ia per unit increase of factor: 
1.048; P=0.06 
0.716; P=0.001 
O
R
 for diabetes per unit increase of factor: 
0.918; P=0.05 
0.75; P=0.009 
N
ote: Factor 4 nor 5 w
ere associated 
hypercholesterolem
ia or diabetes, results not show
n. 
 M
ultivariate-adjusted O
R
 (95%
C
I) for the likelihood of 
O
N
E additional C
V
D
 risk factor for: 
0.64 (0.46, 0.89)* 
1.22 (0.87, 1.70) 
   
factors m
easured: 
hypertension 
obesity 
B
lood pressure 
Factor 3 
Factor 4  
Factor 5  
 
0.60 (0.43, 0.84)* 
1.07 (0.90, 1.25) 
0.75 (0.60, 0.93)* 
* R
egression coefficient w
as significantly different: 
P<0·05. 
(Esm
aillzadeh 
et al., 2007) 
n=486 
A
ged 40-60 years 
W
om
en only 
Free from
 C
V
D
, 
diabetes and 
cancer 
Iran 
C
ross-sectional 
Principal 
com
ponent factor 
analysis 
B
ased on a 168 SQ
 
FFQ
 classified into 
41 food groups 
‘H
ealthy’: fruit, vegetables, 
poultry, legum
es, tea, juice, 
and w
holegrains 
‘W
estern’: refined grains, 
red and processed m
eat, 
butter, high-fat dairy, 
sw
eets, pizza, potatoes, 
eggs, fats, soft drink and 
low
 in vegetables and low
-
fat dairy 
‘Traditional’: refined 
grains, potato, tea, 
w
holegrains, fats, legum
es 
and casserole 
C
R
P 
TN
Fα 
SA
A
 
IL-6 
  H
ealthy 
C
R
P (m
g/L)  
TN
Fα (ng/L)  
SA
A
 (m
g/L)  
IL-6 (ng/L)  
W
estern 
C
R
P (m
g/L) 
TN
Fα (ng/L) 
SA
A
 (m
g/L)  
IL-6 (ng/L)  
T
raditional 
C
R
P (m
g/L)  
TN
Fα (ng/L)  
SA
A
 (m
g/L)  
IL-6 (ng/L)  
V
alues are geom
etric ±SD
, low
est quintile vs. highest 
quintile of pattern 
 2.2±1.2 vs. 1.9±1.3; P
trend <0.05 
4.7±2.5 vs. 4.6±1.7; P
trend =0.08 
4.5±2.9 vs. 4.7±2.7; P
trend =0.18 
1.6±1.7 vs. 1.8±1.1; P
trend =0.16 
 2.0±2.2 vs. 2.3±2.0; P
trend <0.05 
5.0±1.8 vs. 4.3±2.5; P
trend <0.05 
4.2±3.0 vs. 5.5±3.0; P
trend <0.01 
1.4±1.8 vs. 2.2±2.0; P
trend <0.01 
 2.1±2.4 vs. 2.2±2.2; P
trend =0.79 
4.9±2.3 vs. 5.0±2.2; P
trend =0.09 
4.8±3.1 vs. 4.8±2.9; P
trend =0.56 
1.7±1.9 vs. 2.3±1.7; P
trend <0.05 
(Iqbal et al., 
2008) 
n=10,646 controls 
only 
A
ged 40-70 years 
Free from
 C
V
D
 
The 
IN
TER
H
EA
R
T 
study-52 countries 
C
ross-sectional 
(control only) 
 
Principal 
com
ponent factor 
analysis 
B
ased on a 19 item
 
FFQ
 
  
‘O
riental’: tofu, soy, and 
other sauces 
‘W
estern’: fried foods, salty 
snacks, eggs, and m
eat 
‘Prudent’: fruit and 
vegetables 
H
bA
1c 
 
  O
riental 
H
bA
1c (%
)  
W
estern 
H
bA
1c (%
)  
Prudent 
H
bA
1c (%
) 
V
alues are ±SD
, low
est quartile vs. highest quartile of 
pattern 
 5.73±0.59 vs. 5.80±0.80; P
trend <0.0004 
 5.78±0.76 vs. 5.77±0.68 P>0.05 
 5.78±0.76 vs. 5.77±0.64; P
trend <0.03 
   
(N
anri et al., 
2008) 
 
n=7,802 
A
ged 50-74 years 
Free from
 chronic 
disease treatm
ent 
Japan 
C
ross-sectional 
Principal 
com
ponent analysis 
B
ased on a 60 item
 
FFQ
 classified into 
49 food groups 
‘H
ealthy’: vegetables, fruit, 
soy products, fish, and 
yogurt 
‘H
igh-fat’: fried food, m
eat, 
processed m
eat, 
m
ayonnaise, 
and egg 
‘Seafood’: shellfish, salted 
fish guts, fish roe, and fish-
paste products 
‘W
esternized breakfast’: 
bread, m
argarine, 
and coffee and low
 intakes 
of rice and m
iso soup 
hs-C
R
P 
  H
ealthy  
hs-C
R
P (m
g/L) (m
en) 
hs-C
R
P (m
g/L) (w
om
en) 
H
igh-fat dairy  
hs-C
R
P (m
g/L) (m
en) 
hs-C
R
P (m
g/L) (w
om
en) 
Seafood  
hs-C
R
P (m
g/L) (m
en) 
hs-C
R
P (m
g/L) (w
om
en) 
W
esternized breakfast  
hs-C
R
P (m
g/L) (m
en) 
hs-C
R
P (m
g/L) (w
om
en) 
V
alues are geom
etric (95%
C
I), low
est quintile vs. 
highest quintile of pattern 
 0.479 (0.454, 0.505) vs. 0.397(0.359, 0.439); P
trend <0.001 
0.387(0.356, 0.422) vs. 0.338(0.321, 0.355); P
trend <0.001 
 0.466 (0.434, 0.501) vs. 0.452 (0.422, 0.484); P
trend =0.767 
0.356 (0.337, 0.377) vs. 0.363 (0.342, 0.384); P
trend =0.113 
 0.417 (0.387, 0.451) vs 0.450 (0.422, 0.480); P
trend =0.102 
0.333 (0.316, 0.352) vs. 0.368 (0.346, 0.390); 
P
trend =0.052 
 0.448 (0.423, 0.476) vs. 0.440 (0.408, 0.475); P
trend =0.343 
0.361 (0.338, 0.385) vs. 0.357 (0.339, 0.377); P
trend =0.853 
(N
ettleton et al., 
2009) 
n=5,316 
A
ged 45-84 years 
Free of C
V
D
, or 
diabetes 
U
.S. M
ulti-Ethnic 
Study of 
A
therosclerosis 
C
ross-sectional 
Principal 
com
ponent factor 
analysis 
B
ased on a 120 
item
 FFQ
 classified 
into 47 groups 
‘Fats and processed m
eat’: 
fats, processed m
eat, fried 
potatoes, and desserts 
‘W
holegrains and fruit’: 
w
holegrains, fruit, nuts and 
seeds, green leafy 
vegetables, and low
-fat 
dairy foods 
LD
L-C
 
H
D
L-C
 
C
R
P 
IL-6 
Fibrinogen 
H
om
ocysteine 
 
   Fats and processed m
eat  
H
D
L-C
 ( m
g/dL)  
LD
L-C
 ( m
g/dL)  
C
R
P ( m
g/dL) 
IL-6 ( m
g/dL) 
Fibrinogen ( m
g/dL)  
H
om
ocysteine ( m
g/dL)  
W
holegrains and fruit 
H
D
L-C
 ( m
g/dL)  
LD
L-C
 ( m
g/dL) 
C
R
P ( m
g/dL) 
IL-6 ( m
g/dL)  
Fibrinogen ( m
g/dL)  
H
om
ocysteine ( m
g/dL)  
V
alues are geom
etric (95%
 C
I) except H
D
L-C
 and 
LD
L-C
 values are m
eans±SE, low
est quintile vs. highest 
quintile of pattern 
 51.0±0.4 vs. 50.9 ±0.4; P
trend =0.38 
116.7±1.0 vs. 119.1±1.0; P
trend =0.03 
1.34 (1.25, 1.43) vs. 2.32 (2.17, 2.48); P
trend <0.001 
1.04 (1.00, 1.08) vs. 1.36 (1.30, 1.41); P
trend <0.001 
329 (325, 333) vs. 343 (339, 347); P
trend <0.001 
8.5 (8.4, 8.7) vs. 9.0 (8.9, 9.2); P
trend <0.001 
 50.3±0.4 vs. 53.1 ±0.4; P
trend <0.001 
118.6±1.0 vs. 115.4±1.0; P
trend =0.02 
1.82 (1.70, 1.95) vs. 1.66 (1.55, 1.77); P
trend =0.01 
1.24 (1.19, 1.29) vs. 1.14 (1.10, 1.19); P
trend =0.01 
339 (335, 343) vs. 330 (326, 334); P
trend =0.002 
8.9 (8.8, 9.1) vs. 8.6 (8.5, 8.7); P
trend <0.001 
(C
entritto et al., 
2009) 
 
n=7,646 
A
ged ≥ 35 years 
Free from
 chronic 
disease 
Italy: M
oli-sani 
project 
C
ross-sectional 
 
Principal 
com
ponent factor 
analysis 
B
ased on a 188 
FFQ
 classified into 
45 food groups 
‘O
live oil and vegetables’: 
olive oil, vegetables, 
legum
es, soups, fruits and 
fish 
‘Pasta and m
eat’: typically 
pasta, tom
ato sauce, red 
m
eat, anim
al fats and 
alcohol 
‘Eggs and sw
eets’: typically 
TC
  
TA
G
  
LD
L-C
  
H
D
L-C
 
G
lucose  
hs-C
R
P  
 
   O
live oil and vegetable 
TC
 (m
g/dL)  
TA
G
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
H
D
L-C
 (m
g/dL)  
G
lucose (m
g/dL) 
hs-C
R
P (m
g/dL)  
TC
, LD
L-C
, and H
D
L-C
 values are ±SEM
 
TA
G
, G
lucose, and hs-C
R
P values are geom
etric 
(95%
C
I), low
est quintile vs. highest quintile of pattern 
 217.5±1.1 vs. 213.7±1.1; P
trend =0.0006 
110.8(108.1, 113.6) vs. 102.1(99.6, 104.7); P
trend <0.0001 
133.2±0.9 vs. 131.5±0.9; P
trend =0.039 
58.5±0.3 vs. 59.0±0.4; P
trend =0.21 
96.5(95.9, 97.2 vs. 95.1(94.4, 95.7) P
trend <0.0010 
1.26(1.21, 1.32) vs. 1.17(1.12, 1.22); P
trend <0.018 
   
eggs, processed m
eat, 
m
argarines, 
butter, sugar and sw
eets 
(Together the tw
o 
preceding are sim
ilar to a 
w
estern pattern) 
 Pasta and m
eat  TC
 (m
g/dL)  
TA
G
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
H
D
L-C
 (m
g/dL)  
G
lucose (m
g/dL) 
hs-C
R
P (m
g/dL)  
 E
ggs and sw
eets  
TC
 (m
g/dL)  
TA
G
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
H
D
L-C
 (m
g/dL)  
G
lucose (m
g/dL) 
hs-C
R
P (m
g/dL)  
  213.6±1.1 vs. 217.3±1.2; P
trend =0.0043 
102.9(100.3, 105.7) vs. 111.0(107.9, 114.2); 
P
trend <0.0002 
130.9±1.0 vs. 132.8±1.0; P
trend =0.032 
59.3±0.4 vs. 59.0±0.4; P
trend =0.57 
94.5(93.8, 95.1 vs. 97.2(96.4, 97.9) P
trend <0.0001 
1.16(1.11, 1.22) vs. 1.30(1.24, 1.37); P
trend <0.0001 
  214.7±1.1 vs. 215.1±1.1; P
trend =0.85 
109.3 (106.6, 112.1) vs. 104.9(102.2, 107.7); P
trend =0.044 
131.3±0.9 vs. 132.4±1.0; P
trend =0.055 
58.4±0.4 vs. 58.6±0.4; P
trend =0.42 
95.9(95.2, 96.6 vs. 95.0(94.3, 95.6) P
trend =0.20 
1.16(1.11, 1.21) vs. 1.33(1.27, 1.40); P
trend <0.0001 
(G
anguli et al., 
2011) 
 
n=701 
A
ged ≥ 35 years 
Fem
ale only 
India 
C
ross-sectional 
Principal 
com
ponent analysis 
B
ased on a 99 item
 
FFQ
 classified into 
24 food groups 
‘V
egetables, fruits and 
pulses’: vegetables, sw
eets, 
fruits, pulses, nuts, poultry, 
and eggs, and a low
er 
intake of m
ustard oil 
‘H
ydrogenated and 
saturated fat and vegetable 
oil’: butter, hydrogenated 
oil, ghee, vegetable oil, 
m
ustard oil, condim
ents, 
sw
eets, fish, high-fat, dairy 
and refined grain 
‘R
ed m
eat and high-fat 
dairy’: red m
eat, high-fat 
dairy products, w
holegrain, 
high-energy drinks and 
condim
ents, and low
er 
intakes of fish, refined grain 
and low
-fat dairy product 
B
M
I 
TC
 
TA
G
 
H
D
L-C
 
LD
L-C
 
N
on-H
D
L-C
  
TC
:H
D
L-C
 
Lipoprotein (a) 
A
poA
 
A
poB
 
G
lucose 
V
egetables, fruits and 
pulses 
B
M
I (kg/m
2) 
TC
 (m
g/L)  
TA
G
 (m
g/L)  
H
D
L-C
 (m
g/L)  
LD
L-C
 (m
g/L)  
N
on-H
D
L-C
 (m
g/L)  
TC
:H
D
L-C
 ratio (m
g/L) 
Lipoprotein (a) (m
g/L) 
A
poA
 (m
g/L)  
A
poB
 (m
g/L)  
G
lucose (m
g/L)  
H
ydrogenated and 
saturated fat and 
vegetable oil 
B
M
I (kg/m
2) 
TC
 (m
g/L)  
TA
G
 (m
g/L)  
H
D
L-C
 (m
g/L)  
LD
L-C
 (m
g/L)  
N
on-H
D
L-C
 (m
g/L)  
TC
:H
D
L-C
 ratio (m
g/L) 
Lipoprotein (a) (m
g/L) 
A
poA
 (m
g/L)  
A
poB
 (m
g/L)  
G
lucose (m
g/L)  
R
ed m
eat and high-fat 
V
alues are regression coefficient (SE)  
 β=0.08 (0.27) 
β=-1.7 (22.2)* 
β=-0.07 (0.2) 
β=-0.1 (8.7) 
β= -1.7 (22.3)* 
β=-1.6 (23.2)* 
β=-0.05 (23.2) 
β=-0.6 (2.4) 
β=1.8 (30.4) 
β=-0.07 (23.5) 
β=-0.05 (0.1) 
   β=0.10 (0.25)* 
β=0.3 (21.5) 
β=0.5 (0.2) 
β=1.1 (7.3)* 
β= -0.2 (21.8) 
β=0.01 (22.5) 
β=-0.07 (0.02) 
β=1.1 (1.4) 
β=-1.6 (39.8) 
β=-2.3 (27.6) 
β=0.6 (0.1) 
 
   
dairy  
B
M
I (kg/m
2) 
TC
 (m
g/L)  
TA
G
 (m
g/L)  
H
D
L-C
 (m
g/L)  
LD
L-C
 (m
g/L)  
N
on-H
D
L-C
 (m
g/L)  
TC
:H
D
L-C
 ratio (m
g/L) 
Lipoprotein (a) (m
g/L) 
A
poA
 (m
g/L)  
A
poB
 (m
g/L)  
G
lucose (m
g/L)  
 
 β=0.05 (0.25) 
β= -0.4 (20.6) 
β=-0.4 (0.2) 
β=-0.4 (6.9) 
β=-0.08 (20.8) 
β=-0.3 (21.4) 
β=0.01 (0.02) 
β=0.3 (1.3) 
β=0.1 (26.8) 
β=-0.2 (20.4) 
β=-0.4 (0.1) 
*R
egression coefficient w
as significantly different: 
P<0·05 
(B
uscem
i et al., 
2013) 
n=929 
50%
 aged 10 to 
54, 50%
 aged ≥ 55 
years 
Free from
 chronic 
disease 
Italy 
C
ross-sectional 
Principal 
com
ponent analysis 
and cluster analysis 
‘M
editerranean’: high 
intakes of fruit, m
ilk and 
cheese, olive oil, 
vegetables, pasta and 
bread 
‘Interm
ediate’: betw
een the 
unhealthy and the 
M
editerranean patterns 
‘U
nhealthy’: high 
consum
ption of soft drinks, 
fried foods, seed oils, cured 
m
eats, butter, red m
eat and 
sw
eets 
TC
 
H
D
L-C
 
TA
G
 
LD
L-C
 
H
bA
1C
 
G
lucose 
Insulin 
H
O
M
A
-IR
 
 M
editerranean  TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
H
bA
1C
 (%
) 
G
lucose (m
g/dL) 
Insulin (μU
/m
L) 
H
O
M
A
-IR
 
Interm
ediate pattern 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
H
bA
1C
 (%
) 
G
lucose (m
g/dL) 
Insulin (μU
/m
L) 
H
O
M
A
-IR
 
U
nhealthy pattern 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
H
bA
1C
 (%
) 
G
lucose (m
g/dL) 
Insulin (μU
/m
L) 
H
O
M
A
-IR
 
 
V
alues are age adjusted ±SE 
 211±3 
60±1 
98±4 
132±3 
5.6±0.03 
88±1.2 
9.1±0.5 
2.1±0.1 
 216±3 
61±1 
99±3* 
136±2 
5.6±0.03 
89±1.0 
9.2±0.4* 
2.1±0.1* 
 211±4 
56±2 
112±5* 
133±4 
5.6±0.04 
88±1.5 
11.1±0.6* 
2.6±0.2* 
*M
ean statistically significantly different from
 
‘M
editerranean’ pattern: P<0·05. 
   
(Sun et al., 
2013) 
n=550 
68%
 aged 50-64 
years, 32%
 aged 
65-88 years 
35%
 hypertensive 
C
hina 
C
ross-sectional 
Factor analysis 
34-item
 C
hinese 
food frequency 
questionnaire 
‘Traditional’: vegetable, 
fruit, rice, pork, and fish 
‘Fast and processed food’: 
fast or processed food 
products, sugar, and 
confectionery 
‘Soybean, grains and flour’: 
beans, grains, 
potatoes, soybeans, flours, 
and soybean products 
‘M
ilk products, other 
anim
al m
eats and anim
al 
organs’: anim
al liver, 
anim
al blood, other anim
al 
m
eats, com
m
ercial 
fruit and vegetable juices, 
cheese, fruit juices, fresh 
m
ilk, and m
ilk drinks 
B
M
I 
H
D
L-C
 
TA
G
 
LD
L-C
 
G
lucose 
  T
raditional 
B
M
I (kg/m
2) 
H
D
L-C (m
m
ol/L) 
TA
G (m
m
ol/L) 
LD
L-C
 (m
m
ol/L) 
G
lucose (m
m
ol/L)  
Fast and processed food  
B
M
I (kg/m
2) 
H
D
L-C (m
m
ol/L) 
TA
G (m
m
ol/L) 
LD
L-C
 (m
m
ol/L) 
G
lucose (m
m
ol/L) 
Soybean, grains and flour  
B
M
I (kg/m
2) 
H
D
L-C (m
m
ol/L) 
TA
G (m
m
ol/L) 
LD
L-C
 (m
m
ol/L) 
G
lucose (m
m
ol/L)  
M
ilk products, other 
anim
al m
eats and anim
al 
organs 
B
M
I (kg/m
2) 
H
D
L-C (m
m
ol/L) 
TA
G (m
m
ol/L) 
LD
L-C
 (m
m
ol/L) 
G
lucose (m
m
ol/L)  
V
alues are  ±SEM
, low
est tertile vs. highest tertile of 
pattern 
 23.82±3.18 vs. 23.43±2.88; P
trend =0.12 
1.51±0.56 vs. 1.58±0.61; P
trend =0.51 
1.62±1.24 vs. 1.71±1.53; P
trend =0.81 
2.81±1.74 vs. 2.63±0.97; P
trend =0.32 
5.62±1.65 vs. 5.72±1.91; P
trend =0.54 
 24.04±3.18 vs. 23.23±2.99; P
trend =0.12 
1.51±0.56 vs. 1.52±0.64; P
trend =0.50 
1.65±1.23 vs. 1.56±1.28; P
trend =0.10 
2.89±0.67 vs. 2.97±0.75; P
trend =0.74 
5.33±0.16 vs. 5.07±0.35; P
trend =0.81 
 23.68±3.12 vs. 23.32±2.89; P
trend =0.37 
1.56±0.59 vs. 1.51±0.64; P
trend =0.47 
1.95±1.78 vs. 1.48±1.15; P
trend <0.0001 
2.65±1.02 vs. 2.57±1.09; P
trend =0.08 
5.79±1.84 vs. 5.35±1.96; P
trend =0.03 
   24.31±3.83 vs. 25.28±3.64; P
trend =0.02 
1.55±0.50 vs. 1.53±0.66; P
trend =0.94 
1.71±1.33 vs. 1.58±1.35; P
trend =0.65 
2.63±0.92 vs. 2.68±1.06; P
trend =0.93 
5.72±1.70 vs. 5.36±1.88; P
trend =0.25 
(W
ood et al., 
2014) 
T1 n=1802 
T2 n=1594  
A
ge (m
ean, SD
): 
baseline 54·8 (2.2) 
years 
Scotland: 
A
berdeen 
Prospective 
O
steoporosis 
Screening Study 
(A
PO
SS) 
C
ross-sectional 
and longitudinal 
Participant 
dietary patterns 
at baseline w
ere 
com
pared to 
disease 
biom
arkers at 
follow
-up 
Principal 
com
ponent analysis 
‘Prudent (T1)’: w
hite m
eat, 
w
hite and oily fish, fruit, 
vegetables, yoghurt and 
cream
, cheese, rice and 
pasta, and spirits 
‘Processed foods (T1)’: 
W
hite fish, other fish, 
potatoes, pulses, cereals, 
biscuits, cakes, desserts, 
tinned and dried fruit, and 
soups 
‘M
inor pattern (T1)’: bread, 
cereals, biscuits, cakes, 
sw
eet spreads, fats/oils and 
tea 
hs-C
R
P 
IL-6 
SA
A
 
  Prudent (T
1) hs-C
R
P (m
g/L) 
IL-6 (ng/m
L) 
SA
A
 (m
g/L) 
Processed foods (T
1)  
hs-C
R
P (m
g/L) 
IL-6 (ng/m
L) 
SA
A
 (m
g/L) 
M
inor pattern (T
1) 
hs-C
R
P (m
g/L) 
IL-6 (ng/m
L) 
SA
A
 (m
g/L) 
Prudent (T
2) hs-C
R
P (m
g/L) 
IL-6 (ng/m
L) 
V
alues are m
edian(IQ
R
), low
est quintile vs. highest 
quintile of pattern 
 2.10(3.15) vs. 1.50(2.70); P
trend =0.002 
1.75(1.48) vs. 1.41(1.32); P
trend =0.001 
3.92(4.21) vs. 3.52(4.21); P
trend =0.16 
 1.60(2.70) vs. 1.70(2.78); P
trend =0.60 
1.64(1.56) vs. 1.50(1.26); P
trend =0.10 
3.40(3.93) vs. 3.91(4.07); P
trend =0.58 
 1.70(3.00) vs. 1.60(2.70); P
trend =0.025 
1.64(1.43) vs. 1.56(1.37); P
trend =0.15 
3.64(3.99) vs. 3.62(4.22); P
trend =0.027 
 1.90(3.20) vs. 1.40(2.70); P
trend =0.030 
1.76(1.48) vs. 1.43(1.09); P
trend =0.006 
   
 ‘Prudent (T2)’: w
hite and 
oily fish, fruit, vegetables, 
yogurt and cream
, pulses, 
rice and pasta, and w
ine 
‘M
eat-dom
inated (T2)’: 
m
eats, potatoes, fruit juice 
and soft drinks 
‘M
inor pattern (T2)’: high 
intakes of cakes and 
confectionery, low
 intakes 
of bread and fats/oils 
SA
A
 (m
g/L) 
M
eat-dom
inated (T
2) 
hs-C
R
P (m
g/L) 
IL-6 (ng/m
L) 
SA
A
 (m
g/L) 
 
3.62(3.92) vs. 3.42(3.97); P
trend =0.27 
 1.35(2.30) vs. 2.20(3.33); P
trend =0.001 
1.47(1.35) vs. 1.66(1.54); P
trend =0.005 
3.56(3.68) vs. 3.99(4.70); P
trend =0.022 
 B
iom
arkers of people w
ithin the ‘M
inor pattern 
(T2)’cluster did not differ across quintiles, results not 
show
n 
(Sun et al., 
2014) 
N
=1,064 
A
ged ≥ 50 years 
Inclusion criteria 
included the 
presence of one or 
m
ore  
cardiovascular 
related risk factors  
C
hina 
C
ross-sectional 
Factor analysis 
follow
ed by cluster 
analysis 
‘H
ealthy dietary pattern’: 
fish and praw
n, fruit, 
vegetables, pork, rice, 
poultry, and bean products 
‘W
estern dietary pattern’: 
red m
eat, flour, light 
vegetable, grains, beans, 
soybeans, potato, peanuts 
and sunflow
ers, and fresh 
m
ilk 
 ‘B
alanced dietary pattern’: 
Low
 consum
ption of m
ost 
foods 
B
M
I 
TA
G
 
LD
L-C
 
 H
ealthy 
B
M
I (kg/m
2) 
TA
G
 (m
m
ol/L) 
LD
L-C
 (m
m
ol/L) 
W
estern 
B
M
I (kg/m
2) 
TA
G
 (m
m
ol/L) 
LD
L-C
 (m
m
ol/L) 
B
alanced 
B
M
I (kg/m
2) 
TA
G
 (m
m
ol/L) 
LD
L-C
 (m
m
ol/L) 
 
V
alues are ±SD
 
24.15±3.38
a, P<0.001 
1.40±0.07
b, P<0.001 
2.68±0.94
a, P=0.05 
 25.68±4.01
b 
1.80±1.37
a 
2.86±0.83
b 
 23.91±3.13
a 
1.07±0.09
c 
2.86±1.68
b 
a,b,c values w
ith different superscripts for the sam
e 
biom
arker w
ere significantly different p<0.01 
(Lee et al., 
2014) 
n=7,574 
A
ged 40-69 years 
K
orea A
ssociation 
R
esource Study 
(K
A
R
E) 
C
ross-sectional 
Factor analysis 
‘Fruit’ 
‘V
egetable’ 
‘M
eat’ 
‘C
offee’: coffee, coffee 
sugar and coffee 
cream
 
hs-C
R
P 
  Fruit 
hs-C
R
P (m
g/dL) 
V
egetable hs-C
R
P (m
g/dL) 
M
eat 
hs-C
R
P (m
g/dL) 
C
offee 
hs-C
R
P (m
g/dL) 
V
alues are ±SD
, low
est quartile vs. highest quartile of 
pattern 
 0.2±0.6 vs. 0.2±0.4; P
trend =0.052 
 0.2±0.6 vs. 0.2±0.3; P
trend <0.01 
 0.3±0.7 vs. 0.2±0.4; P
trend <0.0001 
 0.2±0.5 vs. 0.2±0.4; P
trend =0.79 
   
(Penalvo et al., 
2015) 
N
=1,290 
A
ged 40-55 years 
Spain: A
ragon 
W
orkers H
ealth 
Study 
C
ross-sectional 
Factor analysis 
‘M
editerranean’: 
vegetables, fruits, fish, 
w
hite m
eat, nuts, and olive 
oil 
‘W
estern’: red m
eat, fast 
food, dairy, and cereals 
TA
G
 
TC
 
H
D
L-C
 
LD
L-C
 
TA
G
:H
D
L-C
 
A
poA
1 
A
poB
 
Lipoprotein(a) 
  M
editerranean 
TA
G
 (m
g/dL) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
TA
G
:H
D
L-C
 (m
g/dL) ratio 
A
poA
1 (m
g/dL) 
A
poB
 (m
g/dL) 
Lipoprotein(a) (m
g/dL) 
 W
estern 
TA
G
 (m
g/dL) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
TA
G
:H
D
L-C
 (m
g/dL) ratio 
A
poA
1 (m
g/dL) 
A
poB
 (m
g/dL) 
Lipoprotein(a) (m
g/dL) 
V
alues are adjusted (95%
 C
I) , low
est quintile vs. 
highest quintile of pattern 
  156(145, 168) vs. 145(134, 157); P
trend =0.139 
222(218, 227) vs. 226(222, 231); P
trend =0.066 
51.5(50.1, 52.9) vs. 54.8(53.4, 56.2); P
trend <0.001 
141(137, 144) vs. 143(139, 147); P
trend =0.081 
3.38(3.07, 3.69) vs. 2.95(2.64, 3.27); P
trend =0.043 
143(141, 146) vs. 147(144, 149); P
trend =0.069 
105(102, 108) vs. 107(104, 110); P
trend =0.276 
30.8(26, 35.5) vs. 33.3(28.4, 38.2); P
trend =0.384 
  152(138, 166) vs. 155(142, 169); P
trend =0.419 
224(218, 229) vs. 219(214, 225); P
trend =0.189 
54.5(52.7, 56.2) vs. 49.9(48.2, 51.6); P
trend <0.001 
141(136, 146) vs. 139(134, 144); P
trend =0.414 
3.09(2.71, 3.47) vs. 3.47(3.09, 3.85); P
trend =0.101 
147(144, 150) vs. 139(136, 142); P
trend =0.005 
104(101, 108) vs. 105(102, 109); P
trend =0.963 
32.6(26.6, 38.7) vs. 35.1(29, 41.2); P
trend =0.992 
(O
sonoi et al., 
2016) 
N
=726 
A
ged ≥25-<70 
years (m
ean±SD
: 
57.8 years ± 8.6) 
Japan 
C
ross-sectional 
Factor analysis 
‘Seaw
eeds, vegetables, soy 
products and m
ushroom
s’: 
seaw
eeds, vegetables, soy 
products and m
ushroom
 
‘Fish and m
eat’: fish, 
potatoes, m
eat, fats and oils 
‘N
oodles and soups’: 
noodles and soups 
‘M
eat, fats and oils, 
seasonings and eggs’: m
eat, 
fats and oils, seasonings 
and eggs 
‘Fruit, dairy products and 
sw
eets’: sw
eet, fruit and 
dairy products 
‘R
ice and m
iso soups’: rice 
and m
iso soups 
B
M
I 
TC
 
H
D
L-C
 
TA
G
 
G
lucose 
H
bA
1c 
  Seaw
eeds, vegetables, soy products 
and m
ushroom
s 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL; m
edian[25%
,75%
]) 
G
lucose (m
g/dL) 
H
bA
1c (%
) 
Fish and m
eat 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL; m
edian[25%
,75%
]) 
G
lucose (m
g/dL) 
H
bA
1c (%
) 
N
oodles and soups 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL; m
edian[25%
,75%
]) 
G
lucose (m
g/dL) 
H
bA
1c (%
) 
V
alues are  ±SD
; standardized regression 
coefficients, low
est quintile vs. highest quintile 
of pattern 
 25.8±4.0 vs. 24.1±4.2; β=−1.64 
190±27 vs. 186±29; β=−1.70 
59±14 vs. 62±14; β=0.60 
101 [71,163] vs. 96 [64,144]; β=−1.06 
137±34 vs. 131±27; β=0.49 
7.1±1.1 vs. 6.9±1.1; β=−0.04 
 24.7±3.8 vs. 24.8±4.3; β=0.40 
184±30 vs. 187±27; β=0.09 
58±13 vs. 59±14; β=−0.07 
94 [66,144] vs. 112 [67,152]; β=0.78 
133±32 vs. 138±35; β=0.81 
6.9±0.9 vs. 7.1±1.1; β=0.95 
 23.9±3.9 vs. 25.1±4.1; β=3.04** 
188±30 vs. 185±27; β=0.22 
62±15 vs. 57±13; β=−0.59 
89 [64,135] vs. 116 [78,164]; β=1.73 
132±31 vs. 137±30; β=0.43 
6.9±1.0 vs. 7.0±1.0; β=1.21 
   
M
eat, fats and oils, seasonings and 
eggs 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL; m
edian[25%
,75%
]) 
G
lucose (m
g/dL) 
H
bA
1c (%
) 
Fruit, dairy products and sw
eets 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL; m
edian[25%
,75%
]) 
G
lucose (m
g/dL) 
H
bA
1c (%
) 
R
ice and m
iso soups 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL; m
edian[25%
,75%
]) 
G
lucose (m
g/dL) 
H
bA
1c (%
) 
  24.3±3.9 vs. 25.3±4.5; β=−0.11 
185±26 vs. 188±30; β=0.83 
59±14 vs. 59±16; β=1.35 
98 [68,144] vs. 112 [72,157]; β=−0.27 
130±30 vs. 137±33; β=0.64 
6.8±0.9 vs. 7.0±1.0; β=1.25 
 24.4±3.8 vs. 24.6±4.2; β=1.20 
185±27 vs. 185±29; β=−1.11 
61±14 vs. 60±14; β=−2.65** 
112 [70,158] vs. 98 [71,143]; β=−0.99 
136±30 vs. 130±31; β=−1.74 
6.8±1.0 vs. 6.9±0.9; β=0.12 
 25.2±4.3 vs. 24.4±3.8; β=−1.80 
188±29 vs. 183±29; β=−0.09 
59±15 vs. 58±13; β=−1.05 
99 [71,148] vs. 100 [70,158]; β=0.70 
135±33 vs. 136±31; β=0.21 
7.0±1.1 vs. 7.0±0.9; β=0.79 
 **P< 0.01 
C
luster analysis 
(N
ew
by et al., 
2004) 
N
=459 
A
ged 30-80 years 
Free from
 chronic 
disease 
U
.S. B
altim
ore 
Longitudinal 
Study of A
ging 
C
ross-sectional 
C
luster analysis (K
-
m
eans) 
B
ased on 7 day 
dietary records 
classified into 40 
food groups 
‘H
ealthy’: non-w
hite bread, 
w
holegrains, beans and 
legum
es, fruit, vegetables, 
nuts and seeds, seafood and 
low
-fat dairy 
‘W
hite bread’: w
hite bread, 
poultry, and fast food 
‘A
lcohol’: rice, pasta, salty 
snacks, and alcohol 
‘Sw
eets’: high-fat baked 
goods, high-fat dairy and 
desserts and pizza 
‘M
eat and potatoes’: 
potatoes, m
eat, processed 
m
eat, soft drink 
TC
 
LD
L-C
 
H
D
L-C
 
TC
:H
D
L-C
 
TA
G
 
  Healthy 
TC
 (m
g/dL)  
LD
L-C
  (m
g/dL) 
H
D
L-C
  (m
g/dL) 
TC
:H
D
L-C
 (m
g/dL)  
TA
G
 (m
g/dL)  
W
hite bread 
TC
 (m
g/dL)  
LD
L-C
 (m
g/dL) 
H
D
L-C
 (m
g/dL) w
om
en  
H
D
L-C
 (m
g/dL) m
en  
TC
:H
D
L-C
 (m
g/dL) 
TA
G
 (m
g/dL)  
A
lcohol 
TC
 (m
g/dL)  
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL)  
TC
:H
D
L-C
 (m
g/dL)  
V
alues are regression coefficient (SE) 
 β= -3.48 (4.26) 
β= -0.24 (3.92) 
β= 0.01 (1.27) 
β= -0.09 (0.17) 
β= -15.97 (6.91)* 
 β= -4.60 (4.54) 
β= -3.58 (4.20) 
β= 3.06 (2.14) 
β= -3.96 (1.69)* 
β= -0.10 (0.18) 
β= 3.95 (7.45) 
 β=12.81 (5.14)* 
β= 9.31 (4.76) 
β= 2.51 (1.53) 
β= -0.13 (0.20) 
   
TA
G
 (m
g/dL)  
Sw
eets 
TC
 (m
g/dL)  
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL)  
TC
:H
D
L-C
 (m
g/dL)  
TA
G
 (m
g/dL)  
M
eats and potatoes 
TC
 (m
g/dL)  
LD
L-C
 (m
g/dL)  
H
D
L-C
 (m
g/dL)  
TC
:H
D
L-C
 (m
g/dL)  
TA
G
 (m
g/dL)  
 
β= 6.57 (8.54) 
 β= -5.22 (3.77) 
β= -4.33 (3.48) 
β= -1.67 (1.12) 
β= -0.01 (0.15) 
β= -0.40 (6.18) 
 β=6.63(4.69) 
β= 3.17 (4.34) 
β= 1.38 (1.40) 
β= 0.13 (0.18) 
β= 10.62 (7.67) 
 *R
egression coefficient w
as significantly different: 
*P<0·05 
(V
illegas, 
Salim
, C
ollins, 
et al., 2004) 
N
=851 
A
ged 50-69 years 
Ireland: The C
ork 
and K
erry 
D
iabetes and H
eart 
D
isease Study 
C
ross-sectional 
C
luster analysis (K
-
m
eans) 
B
ased on a 147 
FFQ
 classified into 
22 groups 
‘Traditional Irish’ (n=480): 
high intake of fat, low
 
intake of fruit, vegetables, 
low
-fat dairy, poultry, fish 
and w
holegrain 
‘Prudent’ (n=340): high 
intake of fruit, vegetables, 
low
-fat dairy, poultry, fish 
and w
holegrain and low
 red 
m
eat, m
eat products, 
sw
eets, high-fat dairy, 
w
hite bread 
B
M
I 
TC
 
LD
L-C
 
H
D
L-C
 
V
LD
L-C
 
TA
G
 
G
lucose 
H
bA
1c 
H
om
ocysteine 
  T
raditional Irish 
B
M
I (kg/m
2) 
TC
 (m
m
ol/L)  
H
D
L-C
 (m
m
ol/L)  
LD
L-C
 (m
m
ol/L)  
V
LD
L-C
  (m
m
ol/L) 
TA
G
 (m
m
ol/L)  
G
lucose (m
m
ol/L)  
H
bA
1c (%
)  
H
om
ocysteine (m
m
ol/L)  
Prudent 
B
M
I (kg/m
2) 
TC
 (m
m
ol/L)  
H
D
L-C
 (m
m
ol/L)  
LD
L-C
 (m
m
ol/L)  
V
LD
L-C
  (m
m
ol/L) 
TA
G
 (m
m
ol/L)  
G
lucose (m
m
ol/L)  
H
bA
1c (%
)  
H
om
ocysteine (m
m
ol/L)  
 
TC
, H
D
L-C
, LD
L, and H
bA
1c values are  
V
LD
L-C
, TA
G
, G
lucose, H
om
ocysteine are geom
etric  
 27.27 
5.87 
1.52 
3.70 
0.58 
1.27 
4.90 
5.05 
11.1 
 28.05 
5.82 
1.51 
3.61 
0.61 
1.38* 
4.85 
5.01 
10.3* 
*m
ean w
as significantly different to traditional pattern: 
P<0·05. 
(V
illegas, 
Salim
, Flynn, et 
al., 2004) 
N
=851 
A
ged 50-69 years 
Ireland: The C
ork 
C
ross-sectional 
C
luster analysis (K
-
m
eans) 
B
ased on a 147 
‘Traditional Irish’ (n=480): 
fat, low
 intake of fruit, 
vegetables, low
-fat dairy, 
H
O
M
A
-IR
 
   
Prudent 
V
alues are O
R
 (95%
C
I) of having insulin resistance 
relative to traditional Irish 
 0.53(0.33, 0.85); P=0.01 
   
and K
erry 
D
iabetes and H
eart 
D
isease Study 
FFQ
 classified into 
22 groups 
poultry, fish and w
holegrain 
‘Prudent’ (n=340): fruit, 
vegetables, low
-fat dairy, 
poultry, fish and w
holegrain 
and low
 red m
eat, m
eat 
products, sw
eets, high-fat 
dairy, w
hite bread  
‘H
igh alcohol and 
convenience foods’: (n=31) 
sim
ilar to traditional Irish 
w
ith higher alcohol and 
convenience foods 
 
H
igh alcohol and 
convenience 
 
Prudent   
H
igh alcohol and 
convenience  
 0.49 (0.16, 1.49); P=0.21 
 W
ith diabetics excluded 
0.56(0.35, 0.90); P=0.02 
 0.50 (0.161, 1.52); P=0.22 
 
(Lopez et al., 
2008) 
 
N
=1,313 
A
ged ≥50 years 
W
om
en only  
The U
.S. N
ational 
H
ealth and 
N
utrition 
Exam
ination 
Survey 
(N
H
A
N
ES) 2001-
2002 
C
ross-sectional  
C
luster analysis (K
-
m
eans) 
B
ased on a 24-hour 
dietary recall 
classified into 38 
food groups 
‘Pasta and yellow
 
vegetables’ (n=96) 
‘Sw
eets’ (n=433)  
‘B
eef, starches, fruits, m
ilk’ 
(n=377) 
‘Frozen m
eals, burritos, and 
pizza’ (n=167) 
‘M
eat dishes’ (n=131) 
‘Soft drinks and poultry’ 
(n=110) 
Low
 H
D
L-C
 
(<50m
g/dL) 
  
 
Sw
eets 
M
eat dishes 
   
V
alues are O
R
 (95%
C
I) of having low
 H
D
L-C
 relative to 
the soft drink and poultry pattern  
 0.268 (0.144, 0.498); P
trend <0.0001 
0.941 (0.539, 1.646); P
trend <0.0075 
O
ther results w
ere not significant and w
ere not presented 
(H
lebow
icz et 
al., 2011)  
  
N
=4,999 
A
ged 45-68 years 
Free from
 diabetes 
Sw
edish M
alm
ö 
D
iet and C
ancer 
cardiovascular 
program
m
e 
C
ross-sectional 
C
luster analysis (k-
m
eans) 
B
ased on a 7-day 
m
enu book diet 
history interview
 
and 168 item
 FFQ
 
classified into 43 
food group 
 
1: ‘M
any foods and drinks’ 
(n=1,399): inclusive of a 
broad variety of foods 
2: ‘Fibre-rich bread’ 
(n=460): fibre-rich bread 
m
eats, sw
eets and fruits; 
low
-fat m
argarine and 
boiled potatoes 
3: ‘Low
-fat and high fibre’ 
(n=755): fruit, low
-fat m
ilk, 
m
eats and sw
eets 
4: ‘W
hite bread’ (n=713): 
w
hite bread, low
-fat 
m
argarine, m
eats and 
sw
eets 
5: ‘M
ilk fat’ (n-638): 
H
bA
1c  
Insulin 
G
lucose 
LD
L-C
:H
D
L-C
 
R
atio 
TA
G
 
hs-C
R
P 
  
H
bA
1c 
1: M
any foods and drinks  
2: Fibre-rich bread  
3: Low
-fat and high fibre 
4: W
hite bread  
5: M
ilk-fat  
6: Sw
eets and cakes  
  
T
A
G
  
1: M
any foods and drinks  
2: Fibre-rich bread  
3: Low
-fat and high fibre 
4: W
hite bread  
5: M
ilk-fat  
6: Sw
eets and cakes  
 
 
(SD
) for w
om
en 
4.82 (1.00) 
4.81 (1.10) 
4.80 (1.00) 
4.86 (1.00) 
4.88 (1.00) 
4.79 (1.00) 
6 < 3; 6, 3 < 4; 3, 6 < 5* 
 (SD
) for w
om
en 
1.21 (1.03) 
1.31 (1.06) 
1.24 (1.04) 
1.46 (1.05) 
1.26 (1.05) 
1.38 (1.04) 
1 < 4, 6; 6, 5, 3 < 4; 3 < 6* 
 
   
B
regott (butter and 
rapeseed oil spread), 
cheese, high-fat m
ilk, w
hite 
bread and sw
eets 
6: ‘Sw
eets and cakes’ 
(n=1,034): sw
eets and jam
, 
cakes, biscuits and soft 
drinks 
L
D
L
-C
:H
D
L
-C
  
1: M
any foods and drinks  
2: Fibre-rich bread  
3: Low
-fat and high fibre 
4: W
hite bread  
5: M
ilk-fat  
6: Sw
eets and cakes  
 
 
L
D
L
-C
:H
D
L
-C
  
1: M
any foods and drinks  
2: Fibre-rich bread  
3: Low
-fat and high fibre 
4: W
hite bread  
5: M
ilk-fat  
6: Sw
eets and cakes  
   
R
atio for w
om
en 
2.84 (0.04) 
2.92 (0.07) 
2.98 (0.04) 
3.13 (0.06) 
2.93 (0.06) 
3.07 (0.04) 
1 < 3, 4, 6; 2, 3, 5 < 4,5 < 6* 
 R
atio for m
en 
3.52 (0.04) 
3.68 (0.08) 
3.59 (0.10) 
3.64 (0.06) 
3.58 (0.07) 
3.70 (0.06) 
1 < 6* 
 *P < 0.05, Least significant difference test 
N
o difference in insulin or glucose betw
een patterns for 
w
om
en, no difference in H
bA
1c, insulin or glucose 
betw
een patterns for m
en results not show
n 
D
ietary index score 
(D
rew
now
ski et 
al., 2009)  
  
N
=5,081 
A
ged 35-61 years 
France 
SU
.V
I.M
X
 Study 
C
ross-sectional 
H
ealthy Eating 
Index (H
EI)  
B
ased on 12 non-
consecutive 24-
hour recall 
H
EI is based on 10 equally 
w
eighted dietary 
recom
m
endations based on 
the Food G
uide Pyram
id 
and the D
ietary G
uidelines 
for A
m
ericans 
B
M
I 
TC
 
TA
G
  
 
For m
en 
B
M
I 
TC
  
TA
G
  
 For w
om
en 
B
M
I 
TC
  
TA
G
  
V
alues are correlation coefficient for H
E
I 
β=-0.08; P<0.01 
β=0.04; P>0.05 
β=0.00; P>0.05   
  β=0.03; P>0.05 
β=0.01; P>0.05 
β=-0.01; P>0.05 
(Fung et al., 
2005) 
N
=690 
A
ged 43-69 years 
Free from
 C
V
D
 or 
diabetes 
The U
.S. N
urses’ 
H
ealth Study 
  
C
ross-sectional 
H
ealthy Eating 
Index (H
EI)  
A
lternate H
ealthy 
Eating Index 
(A
H
EI) 
D
iet Q
uality Index 
revised (D
Q
I-R
) 
R
ecom
m
ended 
Food Score (R
FS) 
H
EI is based on the Food 
G
uide Pyram
id and the 
D
ietary G
uidelines for 
A
m
ericans 
A
H
EI is based on dietary 
recom
m
endations and 
guidelines 
The D
Q
I-R
 is based on 10 
com
ponents that m
easure 
intake of several food 
B
M
I 
C
R
P (m
g/L) 
IL-6 (ng/L) 
  H
E
I 
B
M
I (kg/m
2) 
C
R
P (m
g/L)  
IL-6 (ng/L) 
A
H
E
I 
B
M
I (kg/m
2) 
C
R
P (m
g/L)  
IL-6 (ng/L)  
D
Q
I-R
 
V
alues are ±SE or regression coefficients, low
est 
quintile vs. highest quintile of score 
 26.6±6.8 vs. 25.1±5.2; P
trend =0.05 
β= -0.04 
β=-0.20 
 27.5±6.9 vs. 25.1±5.2; P
trend =0.03 
β= -0.36** 
β= -0.30** 
 
   
A
lternate 
M
editerranean D
iet 
Index (aM
ED
) 
B
ased on a 140 
item
 FFQ
 
groups and nutrients and 
diet diversity and 
m
oderation 
The R
FS is based on 
consum
ption of fruit, 
vegetables, w
holegrains, 
lean m
eats or m
eat 
alternates, and low
-fat dairy 
products. 
aM
ED
 is based on 
adherence to the 
M
editerranean diet 
B
M
I (kg/m
2) 
C
R
P (m
g/L)  
IL-6 (ng/L)  
R
FS 
B
M
I (kg/m
2) 
C
R
P (m
g/L)  
IL-6 (ng/L)  
aM
E
D
 
B
M
I (kg/m
2) 
C
R
P (m
g/L)  
IL-6 (ng/L)  
26.8±6.7 vs. 25.2±5.1; P
trend =0.006 
β= -0.07 
β= -0.11 
 26.2±6.2 vs. 27.0±6.7; P
trend =0.41 
β= 0.05 
β= -0.11 
 27.1±6.8 vs. 26.5±6.1; P
trend =0.43 
β= -0.36** 
β= -0.29** 
 *R
egression coefficient w
as significant: **P<0·01 
(Iqbal et al., 
2008)  
N
=10,646 
A
ged 40-70 years 
Free from
 heart 
disease 
The 
IN
TER
H
EA
R
T 
study-52 countries 
C
ross-sectional 
(control only) 
 
D
ietary R
isk Score 
 B
ased on 19 item
 
FFQ
 
 
D
ietary R
isk Score based 
on foods considered as 
predictive of C
V
D
 (m
eat, 
salty snacks, fried foods) 
and foods protective from
 
C
V
D
 risk (fruit, vegetables) 
H
bA
1c 
 
   
H
bA
1c (%
)  
V
alues are ±SD
, low
est quartile vs. highest quartile of 
D
ietary R
isk Score 
 5.78±0.68 vs. 5.73±0.67; P
trend <0.03 
(N
ettleton, 
Schulze, et al., 
2008)  
 
N
=5,089 
A
ged 45-84 years 
Free from
 C
V
D
 or 
diabetes 
U
.S. M
ulti-Ethnic 
Study of 
A
therosclerosis 
(M
ESA
) 
C
ross-sectional 
 
C
om
prehensive 
H
ealthy D
ietary 
Pattern (C
H
D
P) 
B
ased on 120 item
 
FFQ
 classified into 
47 food groups 
 
C
H
D
P, 47 food groups 
w
ere rated positive (+1), 
negative (-1) or neutral as 
per their expected 
favourable or adverse 
effects 
B
M
I 
H
D
L-C
 
LD
L-C
 
TA
G
 
G
lucose  
Insulin 
C
R
P 
Fibrinogen 
IL-6 
hom
ocysteine 
 
   
B
M
I (kg/m
2) 
H
D
L-C
 (m
g/dL)  
LD
L-C
 (m
g/dL)  
TA
G
 (m
g/dL)  
G
lucose (m
g/dL)  
Insulin (ρm
ol/L)  
C
R
P (m
g/dL)  
Fibrinogen (m
g/dL)  
IL-6 (m
g/dL)  
H
om
ocysteine (μm
ol/L) 
V
alues are ±SD
, except C
R
P, fibrinogen, and IL-6 
values w
hich are geom
etric (95%
C
I), low
est quintile vs. 
highest quintile of C
H
D
P score 
 28.2±0.2 vs. 27.2±0.2; P<0.001 
51.0±0.4 vs. 52.4±0.5; P=0.20 
118.8±1.0 vs. 117.3±1.1; P=0.51 
112.0(108.6, 115.4) vs. 106.6(103.2, 110.0); P=0.33 
95.8±0.3 vs. 96.7±0.3; P=0.91 
46.6±0.8 vs. 39.9±0.9; P<0.001 
1.85(1.73, 1.98) vs. 1.63(1.52, 1.75); P=0.04 
335(331, 339) vs. 332(328, 337); P=0.54 
1.21 (1.16, 1.25) vs. 1.12(1.07,1.17); P=0.01 
9.0(8.9,9.2) vs. 8.6(8.4, 8.7); P=0.002 
   
(Park et al., 
2014) 
N
=151 
A
ged ≥35 years 
Free from
 C
V
D
 or 
diabetes 
U
.S. 
  
C
ross-sectional 
 
A
lternate H
ealthy 
Eating Index 
(A
H
EI) 
A
lternate 
M
editerranean D
iet 
Score  
(aM
ED
) 
110-item
 self-
adm
inistered FFQ
 
A
H
EI is based on dietary 
recom
m
endations and 
guidelines 
aM
ED
 is based on 
adherence to the 
M
editerranean diet 
B
M
I 
C
R
P 
Irisin 
 A
H
E
I 
B
M
I (kg/m
2) 
C
R
P (m
g/L) 
Irisin (ng/m
L) 
aM
E
D
 
B
M
I (kg/m
2) 
C
R
P (m
g/L) 
Irisin (ng/m
L) 
V
alues are ±SD
, low
est tertile vs. highest tertile of score 
 32.86±7.14 vs. 28.27±6.93; P
trend =0.002 
2.19±3.03 vs. 0.92±3.02; P
trend <0.001 
193.81±1.46 vs. 171.33±1.44; P
trend =0.096 
 33.21±7.53 vs. 28.38±6.69; P
trend =0.001 
2.09±3.37 vs. 0.83±2.73; P
trend <0.001 
187.22±1.36 vs. 178.22±1.46; P
trend =0.49 
(M
ertens et al., 
2015) 
N
=570 
B
aseline A
aed 18-
75 years 
(m
ean±SD
: m
en, 
47.07±10.29; 
w
om
en, 45.18± 
8.27) 
B
elgium
 
Longitudinal (10 
years) 
Three day diet 
record at both 
tim
e points 
H
ealthy Eating 
Index-2010 (H
EI) 
M
editerranean D
iet 
Score 
(M
D
S) 
D
iet Q
uality Index 
(D
Q
I) 
H
EI is based on the Food 
G
uide Pyram
id and the 
D
ietary G
uidelines for 
A
m
ericans 
The M
D
S is based on 
adherence to the 
M
editerranean diet 
The D
Q
I is based on 
adherence to Flem
ish food-
based dietary guidelines 
B
M
I  
TC
 
H
D
L-C
 
LD
L-C
 
TC
:H
D
L-C
 
TA
G
 
  ΔH
E
I 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
TC
:H
D
L-C
 
TA
G
 (m
g/dL) 
ΔM
D
S 
B
M
I (kg/m
2) 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
TC
:H
D
L-C
 
TA
G
 (m
g/dL) 
ΔD
Q
I 
B
M
I 
TC
 (m
g/dL) 
H
D
L-C
 (m
g/dL) 
LD
L-C
 (m
g/dL) 
TC
:H
D
L-C
 
TA
G
 (m
g/dL)  
 
V
alues are correlation coefficients 
M
en (n=373) 
β=−0.187*** 
β=−0.079 
β=−0.067 
β=−0.082 
β=−0.012 
β=0.044 
 β=−0.078 
β=−0.024 
β=0.023 
β=−0.051 
β=−0.051 
β=0.063 
 β=−0.129* 
β=−0.024 
β=0.018 
β=−0.062 
β=−0.027 
β=0.068 
W
om
en (n=197) 
β=0.027 
β=−0.081 
β=−0.042 
β=−0.037 
β=−0.059 
β=−0.124 
 β=−0.143 
β=0.042 
β=0.024 
β=0.022 
β=−0.010 
β=0.003 
 β=0.049 
β=−0.057 
β=0.016 
β=−0.049 
β=−0.063 
β=−0.039 
*p< 0.05, ***p< 0.001 
    
(K
o et al., 
2016) 
N
=196 
A
ged 43-48 years 
U
.S. 
C
ross-sectional 
 
A
lternate H
ealthy 
Eating Index-2010 
(A
H
EI-2010) 
D
ietary A
pproaches 
to Stop 
H
ypertension 
(D
A
SH
) 
110-item
 self-
adm
inistered B
lock 
FFQ
 
The A
H
EI-2010 is an 
updated diet quality index 
based on the original A
H
EI 
Score 
The D
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Appendix B: Wellbeing Eating and Exercise for a Long Life study questionnaires 
This appendix contains a copy of the 2010, 2012 and 2014 Wellbeing Eating and 
Exercise for a Long Life study questionnaires as well as a copy of the 2012 Heart 
Health questionnaire, as discussed in Chapter 3.
T1 2010   ID: _______________________ 
 
 
 
 
Wellbeing, Eating and Exercise for a 
Long Life (WELL) Study  
2010  
 
 
Welcome to the Wellbeing, Eating and Exercise for a Long Life (WELL) study. This 
study aims to gather information on what factors influence the health behaviours of 
Victorian adults aged 55-65 years of age.  
 
Thank you for taking the time to complete this survey. It will take you approximately 40 
minutes to complete. Once you have signed the consent form and have finished 
your survey, please place both in the reply-paid envelope provided and send it back 
to us.  
 
You do not need a stamp to return the survey. 
 
Privacy and confidentiality 
The information you provide in the survey is completely confidential. All completed 
surveys will be kept in secure storage at Deakin University. At no stage will your name 
or contact details be linked to your results.  
 
Contact details 
Please contact us if you have any questions about completing the survey. 
 
Dr Scott Fletcher, ph: 03 9244 6722 
email: WELL@Deakin.edu.au 
 
 
 
 
  
 
Important Instructions – Please Read
 
Throughout this survey, we will refer to your “neighbourhood”.  By this, we mean your 
suburb or the local area where you live. 
 
Please answer each question by ticking the most suitable option. Where you are 
asked to write an answer please read the question carefully and answer the best you 
can in the space provided. If you are unsure about how to answer a question, please 
choose the answer that best reflects how you feel. Please answer all questions. 
 
When marking your answers on the survey, please clearly tick your response so we 
can easily see which answer you chose. For example: 
 
 
Tick the responses like this:  
 
In general, would you say your health is:  
Excellent Very good Good Fair Poor 
1 2 3 4 5 
 
 
 
You would tick this response if you think your health is good 
 
 
Print clearly in the boxes like this:  
 
What is your postcode? (PRINT clearly in the boxes)  
 
 
 
 
Correct mistakes like this:  
 
In general, would you say your health is:  
 
 
If you make a mistake simply cross it out and clearly mark the correct answer with a 
tick. 
Excellent Very good Good Fair Poor 
1 2 3 4 5 
3125 
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    
   
Section A:  Your General Health 
 
This survey asks for your views about your health, how you feel and how well you are able to do your 
usual activities. 
 
For each of the following questions, please tick the response that best describes your answer. Please 
answer all questions as honestly as possible. 
 
 
A1. In general, would you say your health is: 
 
 
 
 
 
 
 
A2. Compared to one year ago, how would you rate your health in general now? 
 
Much better 
now than one 
year ago 
Somewhat 
better now 
than one year 
ago 
About the 
same as 
one year 
ago 
Somewhat 
worse now 
than one 
year ago 
Much worse now 
than one year 
ago 
1 2 3 4 5 
 
 
 
A3. The following items are about activities you might do during a typical day. Does your health 
now limit you in these activities? If so, how much? 
 
Excellent Very good Good Fair Poor 
1 2 3 4 5 
  Yes, 
limited 
a lot 
 
Yes, 
limited 
a little 
 
No, 
not 
limited 
at all 
A Vigorous activities, such as running, lifting heavy objects, participating 
in strenuous sports 1 2 3 
B Moderate activities, such as moving a table, pushing a vacuum 
cleaner, bowling, or playing golf  1 2 3 
C Lifting or carrying groceries   1 2 3 
D Climbing several flights of stairs  1 2 3 
E Climbing one flight of stairs  1 2 3 
F Bending, kneeling, or stooping  1 2 3 
G Walking more than one kilometre   1 2 3 
H Walking half a kilometre   1 2 3 
I Walking one hundred metres 1 2 3 
J Bathing or dressing yourself  1 2 3 
   
 
 
A4. During the past 4 weeks, have you had any of the following problems with your work or other 
regular daily activities as a result of your physical health? 
 
  Yes No 
A Cut down on the amount of time you spent on work or other activities 1 2 
B Accomplished less than you would like 1 2 
C Were limited in the kind of work or other activities 1 2 
D Had difficulty performing the work or other activities (for example, it took extra effort) 1 2 
 
 
A5. During the past 4 weeks, have you had any of the following problems with your work or other 
regular daily activities as a result of any emotional problems (such as feeling depressed or 
anxious)? 
 
  Yes No 
A Cut down on the amount of time you spent on work or other activities 1 2 
B Accomplished less than you would like 1 2 
C Did work or other activities less carefully than usual 1 2 
 
 
 
A6. During the past 4 weeks, to what extent has your physical health or emotional problems interfered 
with your normal social activities with family, friends, neighbours, or groups? 
 
 
 
 
 
 
 
A7. How much bodily pain have you had during the past 4 weeks? 
 
None Very mild Mild Moderate Severe Very 
Severe 
1 2 3 4 5 6 
 
 
 
A8. During the past 4 weeks, how much did pain interfere with your normal work (including both 
work outside the home and housework)? 
 
 
 
 
 
 
Not at all Slightly Moderately Quite a 
bit 
Extremely 
1 2 3 4 5 
Not at all Slightly Moderately Quite a 
bit 
Extremely 
1 2 3 4 5 
   
 
A9. These questions are about how you feel and how things have been with you during the past 4 
weeks. For each question, please give the one answer that comes closest to the way you have 
been feeling. How much of the time during the past 4 weeks... 
 
 
 
All of 
the 
time 
Most 
of the 
time 
A 
good 
bit of 
the 
time 
Some 
of the 
time 
A 
little 
of 
the 
time 
None 
of the 
time 
A Did you feel full of life? 1 2 3 4 5 6 
B Have you been a very nervous person? 1 2 3 4 5 6 
C Have you felt so down in the dumps that nothing 
could cheer you up? 1 2 3 4 5 6 
D Have you felt calm and peaceful? 1 2 3 4 5 6 
E Did you have a lot of energy? 1 2 3 4 5 6 
F Have you felt down? 1 2 3 4 5 6 
G Did you feel worn out? 1 2 3 4 5 6 
H Have you been a happy person? 1 2 3 4 5 6 
I Did you feel tired? 1 2 3 4 5 6 
 
 
A10. During the past 4 weeks, how much of the time has your physical health or emotional 
problems interfered with your social activities (like visiting friends, relatives, etc.)? 
 
All of the 
time 
Most of the 
time 
Some of the 
time 
A little of the 
time 
None of 
the time 
1 2 3 4 5 
 
A11. How TRUE or FALSE is each of the following statements for you? 
 
 
 
Definitely 
true 
Mostly 
true 
Don’t 
know 
Mostly 
false 
Definitely 
False 
A I seem to get sick a little easier than other people 1 2 3 4 5 
B I am as healthy as anybody I know 1 2 3 4 5 
C I expect my health to get worse  1 2 3 4 5 
D My health is excellent 1 2 3 4 5 
 
 
A12. Which of the following best describes your current smoking status? (Please tick one 
response only). 
 
I have never smoked  1 
I used to smoke  2 
I now smoke occasionally  3 
I now smoke regularly  4 
 
   
 
A13. Which of the following best describes you at the moment? (Please tick one response only). 
 
I am actively doing things to try to gain weight at the moment  1 
I am actively doing things to try to avoid gaining weight at the moment  2 
I am actively doing things to try to lose weight at the moment  3 
I am not doing anything in particular for my weight at the moment  4 
 
 
Section B:  Your Physical Activity Habits 
In this section, we are interested in your physical activity habits at home, work, transport to work, 
around the home, and during your spare time. Please answer all questions. 
 
We are interested in finding out about the kinds of physical activities you do as part of your everyday 
life. Please answer each question even if you don’t think you are an active person.  
 
Think about all the vigorous and moderate activities you did in the last 7 days.  
 
Vigorous physical activities refer to activities that take hard physical effort and make you breathe much 
harder than normal.  
 
Moderate activities refer to activities that take moderate physical effort and make you breathe 
somewhat harder than normal. 
 
We know that some weeks you might be more active than others. We would still like you to tell us about 
the physical activity you did in the LAST 7 DAYS. 
 
Part A of each question asks you to provide how many days during the past SEVEN days you have 
been active. 
 
Part B of each question asks you to provide how many hours/minutes you spent being active on 
ONE of those seven days on average. Please make sure that you provide the number of 
hours/minutes for ONE DAY ONLY not all days. 


B1. Do you have a serious illness, long-term injury or disability that prevents you from being 
physically active? (Please tick one response only). 
 
 
 
 
 
If YES, please specify: ________________________________________________ 
 
 
B2. Thinking about how much physical activity you did in the last 7 days, was this a typical week 
for you?  (Please tick one response only). 
 
 
Yes  1 
No, I am usually more active  2 
No, I am usually less active  3 

Yes  1 
No  2 
   
Job-Related Physical Activity 
 
The first section is about your work. This includes paid jobs, farming, volunteer work, and any other 
unpaid work you did outside your home. Do not include unpaid work you might do around your home, 
like housework, yard work, general maintenance, and caring for your family. These are asked in the 
section on housework and house maintenance later in the survey.   
The next questions are about all the physical activity you did in the last 7 days as part of your paid or 
unpaid work. This does not include travelling to and from work. 
Think about only those physical activities that you did for at least 10 minutes at a time. 
 

B3. Do you currently have a job or do any unpaid work outside your home? (Please tick one 
response only).   
 
 
Yes  1 
No  2 
 
If you answered NO→skip to question B7 


B4. a. During the last 7 days, on how many days did you do vigorous physical activities like heavy 
lifting, digging, heavy construction, or climbing up stairs as part of your work? Think about only 
those physical activities that you did for at least 10 minutes at a time. 
 
 
__________ days per week  or 
  
If you answered NO →  skip to question B5 
 
 
b.  How much time did you usually spend on ONE OF THOSE DAYS doing vigorous physical activities 
as part of your work?  
  
__________hours and __________minutes per day 
 
 
 
B5. a  Again, think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do moderate physical activities like carrying 
light loads as part of your work? Please do not include walking.  
 
 
__________ days per week  or  
 
If you answered NO →  skip to question B6 
 
 
b.  How much time did you usually spend on ONE OF THOSE DAYS doing moderate physical activities 
as part of your work?  
 
 
__________hours and __________minutes per day 
Not at all in the last week  0 
Not at all in the last week  0 
   
 
 
B6. a. During the last 7 days, on how many days did you walk for at least 10 minutes at a time as 
part of your work? Please do not count any walking you did to travel to or from work.  
 
 
__________ days per week     or 
 
 
If you answered NO →  skip to question B7 
 
b.  How much time did you usually spend on ONE OF THOSE DAYS walking as part of your work?  
 
__________hours and __________minutes per day 
 
 
Transportation Physical Activity 
 
These questions are about how you travelled from place to place, including to places like work, shops, 
movies, and so on. 

 
 
B7. a. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a time to 
go from place to place?  
 
 
__________ days per week  or  
 
 
If you answered NO →  skip to question B8 
 
 
b.  How much time did you usually spend on ONE OF THOSE DAYS to bicycle from place to place?  
 
__________hours and __________minutes per day 
 
 
 
B8. a. During the last 7 days, on how many days did you walk for at least 10 minutes at a time to go 
from place to place?  
 
 
__________ days per week  or  
 
 
If you answered NO →  skip to question B9 
  
 
b. How much time did you usually spend on ONE OF THOSE DAYS walking from place to place? 
  
__________hours and __________minutes per day 
Not at all in the last week  0 
Not at all in the last week  0 
Not at all in the last week  0 
   
Housework and House Maintenance 
This section is about some of the physical activities you might have done in the last 7 days in and 
around your home, like housework, gardening, yard work, general maintenance work, and caring for 
your family. 
 
 
B9. a.  Think about only those physical activities that you did for at least 10 minutes at a time. During 
the last 7 days, on how many days did you do vigorous physical activities like heavy lifting, 
chopping wood, shoveling, or digging in the garden or yard? 
 
 
__________ days per week  or 
 
If you answered NO →  skip to question B10 
  
 
b.  How much time in total did you usually spend on ONE OF THOSE DAYS doing vigorous physical 
activities in the garden or yard? 
 
__________hours and __________minutes per day 
 
 
B10. a.  Again, think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do moderate activities like carrying light loads, 
sweeping, washing windows, and raking in the garden or yard? 
 
 
__________ days per week  or  
 
 
If you answered NO →  skip to question B11 
  
 
b.  How much time in total did you usually spend on one of those days doing moderate physical 
activities in the garden or yard? 
 
__________hours and __________minutes per day 
 
 
B11. a.  Again, think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do moderate activities like carrying light 
loads, washing windows, scrubbing floors and sweeping inside your home?  
 
 
__________ days per week  or  
 
 
If you answered NO →  skip to question B12 
  
 
b.  How much time did you usually spend on ONE OF THOSE DAYS doing moderate physical activities 
inside your home?  
 
__________hours and __________minutes per day 
Not at all in the last week  0 
Not at all in the last week  0 
Not at all in the last week  0 
   
Recreation, Sport, and Leisure-Time Physical Activity 
This section is about all the physical activities that you did in the last 7 days solely for recreation, sport, 
exercise or leisure. Please do not include any activities you have already mentioned. 

 
B12. a.  Not counting any walking you have already mentioned, during the last 7 days, on how many 
days did you walk for at least 10 minutes at a time in your leisure time?  
 
 
__________ days per week  or  
 
If you answered NO →  skip to question B13 
  
b.  How much time did you usually spend on ONE OF THOSE DAYS walking in your leisure time?  
 
__________hours and __________minutes per day 
 
B13. a.  Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like aerobics, 
running, fast bicycling, or fast swimming in your leisure time?  
 
 
__________ days per week  or  
 
If you answered NO →  skip to question B14 
 
 
b.  How much time did you usually spend on ONE OF THOSE DAYS doing vigorous physical activities 
in your leisure time?  
 
__________hours and __________minutes per day 
 
 
B14. a.  Think about only those physical activities that you did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do moderate physical activities like bicycling 
at a regular pace, swimming at a regular pace, and doubles tennis in your leisure time?  
 
 
__________ days per week  or  
 
 
If you answered NO →  skip to question B15 
 
 b.  How much time did you usually spend on ONE OF THOSE DAYS doing moderate physical activities 
in your leisure time?  
 
__________hours and __________minutes per day 
 
B15. During the last seven days, did you do any activities designed to increase muscle strength or 
tone, such as lifting weights, pull-ups, push-ups, or sit-ups? 
 
Yes 1 
No 2 Go to B17  
Don't know 97 Go to B17 
Not at all in the last week  0 
Not at all in the last week  0 
Not at all in the last week  0 
   

B16. During the last seven days, on how many days did you do these activities? 
 
Days last week ____ 
Don't know 97 
 
Time Spent Sitting 
The next questions are about the time you spend sitting while at work, at home, while doing study, 
and during leisure time. This may include time spent sitting at a desk, visiting friends, reading or sitting 
or lying down to watch television or sitting in a motor vehicle. 
 
B17. a.  During the last 7 days, how much time did you usually spend sitting on a WEEKDAY 
(INCLUDING the day and evening)?  
 
__________hours and __________minutes per WEEKDAY 
  
b.  During the last 7 days, how much time did you usually spend sitting on a WEEKEND day 
(INCLUDING the day and evening)?  
 
__________hours and __________minutes per WEEKEND day 
 
 
In the times you spent sitting, we are interested in finding out the types of activities you did. 
 
 
B18. a.  Of your total sitting time, during the last 7 days, how much time did you usually spend sitting 
watching TV on a WEEKDAY? 
  
 
__________hours and __________minutes per WEEKDAY 
 
 
 
b.  Of your total sitting time, during the last 7 days, how much time did you usually spend sitting 
watching TV on a WEEKEND day?  
 
 
__________hours and __________minutes per WEEKEND day 
 
 
 
B19. a.  Of your total sitting time, during the last 7 days, how much time did you usually spend sitting at 
a computer on a WEEKDAY? 
 
 
__________hours and __________minutes per WEEKDAY 
 
 
b.  Of your total sitting time, during the last 7 days, how much time did you usually spend sitting at a 
computer on a WEEKEND day?  
 
 
__________hours and __________minutes per WEEKEND day 
   
 
B20. Please rate how you feel at the moment about physical activity. Below is a list of feelings 
about physical activity. (For each feeling, please tick the response that best describes you from 1 
to 7).  
 
Feelings about physical activity: 
  1 2 3 4 5 6 7  
A I hate it        I enjoy it 
B I feel bored        I feel interested 
C I find it unpleasurable        I find it pleasurable 
D I find it tiring        I find it energising 
E It makes me depressed        It makes me happy 
F I feel bad physically while doing 
it        I feel good physically while doing it 
 
 
 
B21. Below are some reasons for completing regular physical activity. How important do you 
think these reasons are for being physically active? (Please tick one response on each line). 
 
 
 No reason at all 
A slightly 
important 
reason 
A quite 
important 
reason  
A very 
important 
reason 
A Health 1 2 3 4 
B Appearance 1 2 3 4 
C Weight 1 2 3 4 
D Feeling Fit 1 2 3 4 
E Relaxation 1 2 3 4 
F Stress relief 1 2 3 4 
 
 
 
B22. How confident are you that you could do physical activity, in each of the following 
situations? (Please tick one response on each line). 
 
I am confident that I could: 
 
  Not at all 
confident 
Slightly 
Confident 
Moderately 
Confident 
Very 
confident 
Extremely 
confident 
A Do physical activity even when I am tired 1 2 3 4 5 
B Do physical activity even when I am in a 
bad mood 
1 2 3 4 5 
C Do physical activity even when I feel I don't 
have time 
1 2 3 4 5 
D Do physical activity even when I am on 
holiday 
1 2 3 4 5 
E Do physical activity even when it is raining 1 2 3 4 5 
 
   
The next two questions refer to activities completed in the following two weeks. Please refer 
to this time frame only when answering this question. 
 
B23. Before you started this survey, how likely or unlikely was it that in the next two weeks you 
would try to do regular physical activity? (Please tick one response only). 
 
Very 
unlikely 
Quite 
unlikely 
A little 
unlikely 
Neither 
likely nor 
unlikely 
A little likely Quite likely Very likely 
1 2 3 4 5 6 7 
 
 
B24. Assuming that you tried to do regular physical activity over the next two weeks, how likely or 
unlikely is it that you would actually stick to this? (Please tick one response only).   
 
Very 
unlikely 
Quite 
unlikely 
A little 
unlikely 
Neither 
likely nor 
unlikely 
A little likely Quite likely Very likely 
1 2 3 4 5 6 7 
 
The next question refers to activities completed in the past month. Please refer to this time 
frame only when answering this question. 
 
B25. How many times in the past month did you: (Please tick one response on each line). 
 
 
 Never 
Once 
or 
twice 
Weekly 
More 
than 
once 
a 
week 
A Set a goal for how much physical activity you would like 
to do? 
1 2 3 4 
B Plan particular days on which you would do physical 
activity? 
1 2 3 4 
C 
Meet someone to do physical activity with? 1 2 3 4 
 
 
The next two questions refer to activities completed in the past year. Please refer to this time 
frame only when answering this question 
 
B26. During the past year, how often did members of your family or people you live with 
(including spouse/partner):  (Please tick one response on each line). 
 
  
Never Rarely 
A 
few 
times 
Often 
Very 
often 
Not 
applicable 
A Do physical activity with you? 1 2 3 4 5 99 
B Encourage you to be physically active? 1 2 3 4 5 99 
C Discourage you from sitting around too 
much (e.g. watching too much TV)? 
1 2 3 4 5 99 
 
   
 
 
B27. During the past year, how often did friends or work colleagues: (Please tick one response on 
each line). 
 
  
Never Rarely 
A 
few 
times 
Often 
Very 
often 
Not 
applicable 
A Do physical activity with you? 1 2 3 4 5 99 
B Encourage you to be physically active? 1 2 3 4 5 99 
C Discourage you from sitting around too much 
(e.g. watching too much TV)? 
1 2 3 4 5 99 



B28. How much do you agree or disagree with the following statements: (Please tick one 
response on each line). 
 
 
 Strongly disagree 
Disagree 
Neither 
agree or 
disagree 
Agree 
Strongly 
agree 
A Lots of adults I know walk or 
cycle 
1 2 3 4 5 
B Lots of adults I know do other 
forms of exercise or play sport 
1 2 3 4 5 
 
 
 
B29. The following questions are about barriers you might experience to being active: How 
important are the following barriers to you being active. (Please tick one response on each line). 
 
 
  Not a barrier 
A some-
what 
important 
barrier 
A very 
important 
barrier 
A Do not have the motivation to do physical activity, exercise or sport   
B Not enjoying physical activity, exercise or sport   
C Do not have the skills to do physical activity, exercise or sport   
D No partner's support to be physically active   
E No children's support to be physically active   
F No friends' support to be physically active   
G Do not have enough information about how to increase physical activity   
H Not having access to places to do physical activity, exercise or sport   
I Not being able to find physical activity facilities that are inexpensive   
J Not having the time to be physically active because of job   
K Not having the time to be physically active because of family commitments   
   

Section C: Your Eating Habits 
This section of the survey is focused on your eating habits. Please take your time to answer all 
questions as best as you can.  
 
C1. About how many serves of vegetables do you usually eat per day? Do not include potatoes, 
hot chips or fried potato. (1 serve = ½ cup cooked vegetables or 1 cup salad vegetables. (Please 
tick one response only). 
 
I don’t eat vegetables 1 
Less than one serve/day 2 
1 serve/day 3 
2 serves/day 4 
3 serves/day 5 
4 serves/day 6 
5 serves/day 7 
6 serves or more/day 8 
 
 
C2. About how many serves of fruit do you usually eat per day? Do NOT include fruit juice. (1 
serve = 1 medium piece or 2 small pieces of fruit or 1 cup of diced pieces. (Please tick one 
response only). 
 
I don’t eat fruit 1 
Less than one serve/day 2 
1 serve/day 3 
2 serves/day 4 
3 serves/day 5 
4 serves/day 6 
5 serves/day 7 
6 serves or more/day 8 
 
 
C3. What type of bread do you usually eat? (Please tick one response only). 
 
I don’t eat bread 1 
High fibre white bread 2 
White bread 3 
Wholemeal bread 4 
Rye bread 5 
Multigrain bread 6 
Other bread 7 
 
   
 
 
C4. About how often is the meat you eat trimmed of fat either before or after cooking? (Please 
tick one response only). 
 
I don’t eat meat 1 
Never 2 
Rarely 3 
Sometimes 4 
Usually 5 
Always 6 
 
 
C5. What type of milk do you usually drink? (Please tick one response only). 
 
I don’t drink milk 1 
Whole 2 
Skim 3 
Low/reduced fat 4 
Soy 5 
Don’t know 97 
 
 
 
C6. How often do you add salt to your food after it is cooked? (Please tick one response only). 
 
Never/rarely 1 
Sometimes 2 
Usually 3 
Don't know 97 
 
 
 
 
C7. How often do you add salt to your food during cooking? (Please tick one response only). 
 
Never/rarely 1 
Sometimes 2 
Usually 3 
Don't know 97 
   
 
C8. How often, on average, did you consume the following foods in the last 6 months? Please 
tick the appropriate column. Please ensure you tick one response for every food. If you never eat 
a particular food, fill in the box for ‘Never, or less than once a month’. 
 
Average number of times consumed in the last 6 months 
 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 DAIRY FOODS          
1 
Flavoured milk drinks  
(e.g. milkshakes, iced coffee, 
hot chocolate) 
0 1 2 3 4 5 6 7 8 
2 Milk as a drink 0 1 2 3 4 5 6 7 8 
3 Milk on breakfast cereals 0 1 2 3 4 5 6 7 8 
4 Milk in hot beverages (e.g. in tea, coffee) 0 1 2 3 4 5 6 7 8 
5 Cream or sour cream 0 1 2 3 4 5 6 7 8 
6 Ice cream 0 1 2 3 4 5 6 7 8 
7 Yoghurt, plain or flavoured 0 1 2 3 4 5 6 7 8 
8 Cottage or ricotta cheese 0 1 2 3 4 5 6 7 8 
9 Cheddar and other cheeses 0 1 2 3 4 5 6 7 8 
 BREAD & CEREAL FOODS          
10 White breads, toast or rolls 0 1 2 3 4 5 6 7 8 
11 Wholemeal/mixed grain bread, toast or rolls 0 1 2 3 4 5 6 7 8 
12 English muffin, bagel or crumpet 0 1 2 3 4 5 6 7 8 
13 Dry or savoury biscuits, crispbread, crackers 0 1 2 3 4 5 6 7 8 
14 Muesli 0 1 2 3 4 5 6 7 8 
15 Cooked porridge 0 1 2 3 4 5 6 7 8 
16 Breakfast cereal 0 1 2 3 4 5 6 7 8 
17 Rice (including white or brown) 0 1 2 3 4 5 6 7 8 
18 Pasta (including filled), noodles 0 1 2 3 4 5 6 7 8 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 
   
Average number of times consumed in the last 6 months 
 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 MEAT, FISH, EGGS          
19 Mince dishes (e.g. rissoles, meatloaf) 0 1 2 3 4 5 6 7 8 
20 
Mixed dishes with beef, 
veal, lamb, pork (e.g. 
casserole, stir-fry) 
0 1 2 3 4 5 6 7 8 
21 
Beef, veal – roast, chop or 
steak 0 1 2 3 4 5 6 7 8 
22 Lamb – roast, chop or steak 0 1 2 3 4 5 6 7 8 
23 Mixed dishes with pork (e.g. casserole, stir-fry) 0 1 2 3 4 5 6 7 8 
24 
Pork – roast, chop or 
steak 0 1 2 3 4 5 6 7 8 
25 Sausages, frankfurter 0 1 2 3 4 5 6 7 8 
26 Bacon 0 1 2 3 4 5 6 7 8 
27 Ham 0 1 2 3 4 5 6 7 8 
28 Luncheon meats, salami 0 1 2 3 4 5 6 7 8 
29 Liver (including pate) 0 1 2 3 4 5 6 7 8 
30 Other offal (e.g. kidneys) 0 1 2 3 4 5 6 7 8 
31 
Mixed dishes with 
chicken, turkey, duck (e.g. 
casserole, stir-fry) 
0 1 2 3 4 5 6 7 8 
32 
Chicken, turkey, duck – 
roast, steamed, BBQ 0 1 2 3 4 5 6 7 8 
33 Canned fish (e.g. tuna, salmon, sardines) 0 1 2 3 4 5 6 7 8 
34 
Fish - steamed, baked, 
grilled 0 1 2 3 4 5 6 7 8 
35 Fish, fried or battered 0 1 2 3 4 5 6 7 8 
36 
Other seafood (e.g. 
prawns, squid) 0 1 2 3 4 5 6 7 8 
37 Eggs 0 1 2 3 4 5 6 7 8 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 
   
Average number of times consumed in the last 6 months 
 
  
Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 OTHER FOODS          
38 Cakes, sweet muffins, scones or pikelets 0 1 2 3 4 5 6 7 8 
39 Sweet pies or sweet pastries 0 1 2 3 4 5 6 7 8 
40 Other puddings or desserts 0 1 2 3 4 5 6 7 8 
41 Plain sweet biscuits 0 1 2 3 4 5 6 7 8 
42 Cream, chocolate biscuits 0 1 2 3 4 5 6 7 8 
43 Meat pie, sausage roll or other savoury pastries 0 1 2 3 4 5 6 7 8 
44 Pizza 0 1 2 3 4 5 6 7 8 
45 Hamburger 0 1 2 3 4 5 6 7 8 
46 Chocolate (including chocolate bars e.g. Mars bars) 0 1 2 3 4 5 6 7 8 
47 Other confectionary (e.g. sweets or lollies) 0 1 2 3 4 5 6 7 8 
48 Jam, marmalade, honey or syrups 0 1 2 3 4 5 6 7 8 
49 Vegemite, Marmite, Promite 0 1 2 3 4 5 6 7 8 
50 Peanuts, peanut butter, other nut spreads 0 1 2 3 4 5 6 7 8 
51 Other nuts (e.g. almonds, walnuts) 0 1 2 3 4 5 6 7 8 
52 Seeds (e.g. sunflower, tahini) 0 1 2 3 4 5 6 7 8 
53 Potato chips, corn chips, Twisties etc 0 1 2 3 4 5 6 7 8 
54 Oil and vinegar salad dressing 0 1 2 3 4 5 6 7 8 
55 Mayonnaise or other creamy dressing 0 1 2 3 4 5 6 7 8 
56 Margarine on bread or cooked vegetables 0 1 2 3 4 5 6 7 8 
57 Butter on bread or cooked vegetables 0 1 2 3 4 5 6 7 8 
  
Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
   
 
Average number of times consumed in the last 6 months 
 
 
 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 NON-DAIRY BEVERAGES 
         
58 Fruit juice (100% juice) 0 1 2 3 4 5 6 7 8 
59 
Fruit juice drink or fruit 
drink 0 1 2 3 4 5 6 7 8 
60 Vegetable, tomato juice 0 1 2 3 4 5 6 7 8 
61 Low-joule cordial 0 1 2 3 4 5 6 7 8 
62 Cordial 0 1 2 3 4 5 6 7 8 
63 Low-joule soft drink 0 1 2 3 4 5 6 7 8 
64 
Soft drink (including 
flavoured mineral 
water) 
0 1 2 3 4 5 6 7 8 
65 
Water (including 
unflavoured mineral 
water, soda water, tap 
water) 
0 1 2 3 4 5 6 7 8 
66 Coffee 0 1 2 3 4 5 6 7 8 
67 Tea 0 1 2 3 4 5 6 7 8 
68 Soy beverages 0 1 2 3 4 5 6 7 8 
69 Beer – low alcohol 0 1 2 3 4 5 6 7 8 
70 Beer – ordinary 0 1 2 3 4 5 6 7 8 
71 Red wine 0 1 2 3 4 5 6 7 8 
72 
White wine or 
champagne / sparkling 
wine 
0 1 2 3 4 5 6 7 8 
73 Wine cooler 0 1 2 3 4 5 6 7 8 
74 
Sherry, port, fortified 
wines 0 1 2 3 4 5 6 7 8 
75 Spirits, liqueurs 0 1 2 3 4 5 6 7 8 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
   
 
Average number of times consumed in the last 6 months 
 
 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 VEGETABLES Including fresh, frozen and tinned 
76 
Green/mixed salad 
(including lettuce, 
tomato etc) in a 
sandwich 
0 1 2 3 4 5 6 7 8 
77 
As a side salad / with 
a main meal 0 1 2 3 4 5 6 7 8 
78 Stir-fried or mixed vegetables 0 1 2 3 4 5 6 7 8 
79 Vegetable casserole 0 1 2 3 4 5 6 7 8 
 Excluding their use in the above mixed dishes, please indicate how often you eat the following vegetables 
80 
Potato, boiled, 
mashed, baked 0 1 2 3 4 5 6 7 8 
81 
Hot chips, roast 
potatoes or potato 
wedges 
0 1 2 3 4 5 6 7 8 
82 Pumpkin 0 1 2 3 4 5 6 7 8 
83 Sweet potato 0 1 2 3 4 5 6 7 8 
84 Peas 0 1 2 3 4 5 6 7 8 
85 Green beans 0 1 2 3 4 5 6 7 8 
86 Silverbeet, spinach 0 1 2 3 4 5 6 7 8 
87 Broccoli 0 1 2 3 4 5 6 7 8 
88 Cauliflower 0 1 2 3 4 5 6 7 8 
89 Brussels sprouts, cabbage, coleslaw 0 1 2 3 4 5 6 7 8 
90 Carrots 0 1 2 3 4 5 6 7 8 
91 
Zucchini, eggplant, 
squash 0 1 2 3 4 5 6 7 8 
92 Capsicum 0 1 2 3 4 5 6 7 8 
93 Sweetcorn, corn on the cob 0 1 2 3 4 5 6 7 8 
94 Mushrooms 0 1 2 3 4 5 6 7 8 
95 Tomatoes 0 1 2 3 4 5 6 7 8 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
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per 
week 
2-4 times 
per week 
5-6 
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Average number of times consumed in the last 6 months 
 
  
Never or 
less than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
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 VEGETABLES (Continued) 
         
96 Lettuce 0 1 2 3 4 5 6 7 8 
97 Celery, cucumber 0 1 2 3 4 5 6 7 8 
98 Onion or leeks 0 1 2 3 4 5 6 7 8 
99 Soybeans, tofu 0 1 2 3 4 5 6 7 8 
100 Baked beans 0 1 2 3 4 5 6 7 8 
101 Other beans (e.g. chickpeas), lentils 0 1 2 3 4 5 6 7 8 
 FRUITS including fresh, frozen and tinned 
102 Apple or pear 0 1 2 3 4 5 6 7 8 
103 Orange, mandarin or grapefruit 0 1 2 3 4 5 6 7 8 
104 Bananas 0 1 2 3 4 5 6 7 8 
105 
Peach, nectarine, 
plum or apricot 0 1 2 3 4 5 6 7 8 
106 Mango or paw-paw 0 1 2 3 4 5 6 7 8 
107 Pineapple 0 1 2 3 4 5 6 7 8 
108 Grapes  0 1 2 3 4 5 6 7 8 
109 
Melon (e.g. 
watermelon, 
rockmelon, honeydew 
melon) 
0 1 2 3 4 5 6 7 8 
110 Strawberries or other berries 0 1 2 3 4 5 6 7 8 
111 Dried fruit 0 1 2 3 4 5 6 7 8 
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You are over halfway through! 
☺  
You may like to stop for a break now and do 
the rest of the survey later – please enjoy a 
cuppa. 
 
 
   
C9. About how often are these foods available in your HOME? (Please tick one response on each 
line). 
 
  Never Sometimes Usually Always 
A Fruit 1 2 3 4 
B Vegetables 1 2 3 4 
C Cakes/doughnuts/biscuits 1 2 3 4 
D Fruit juice 1 2 3 4 
E Potato chips or other salty snack foods 1 2 3 4 
F Chocolate or other lollies 1 2 3 4 
G Soft drink 1 2 3 4 
H Sports drinks or energy drinks 1 2 3 4 
 
C10. How much do you agree or disagree with the following statements:  
(Please tick one response on each line). 
 
I like to eat FRUIT because: 
 
 
 Strongly disagree Disagree 
Neither 
agree or 
disagree 
Agree Strongly agree 
I 
don’t 
eat 
fruit 
 
A they are good for your health 1 2 3 4 5 6  
B of the vitamins and minerals  that they have 1 2 3 4 5 6  
C they taste good 1 2 3 4 5 6  
D I grew up eating them 1 2 3 4 5 6  
E they are easy to prepare 1 2 3 4 5 6  
F they are cheap 1 2 3 4 5 6  
G my partner or family  like to eat them 1 2 3 4 5 6 
Not 
applicable 
99 
 
 
C11. How much do you agree or disagree with the following statements:   
(Please tick one response on each line). 
 
I like to eat VEGETABLES because: 
 
 
 Strongly disagree Disagree 
Neither 
agree or 
disagree 
Agree Strongly agree 
I don’t 
eat 
vegies 
 
A they are good for your health 1 2 3 4 5 6  
B of the vitamins and minerals that they have 1 2 3 4 5 6  
C I grew up eating them 1 2 3 4 5 6  
D I need them for what I am  preparing 1 2 3 4 5 6  
E they are easy to prepare 1 2 3 4 5 6  
F they taste good 1 2 3 4 5 6  
G they are cheap 1 2 3 4 5 6  
H my partner or family like to eat them 1 2 3 4 5 6 
Not 
applicable
99 
   
C12. About how often do you usually eat meals (including breakfast, lunch, and dinner)? 
(Please tick one response on each line). 
 
 
 
Less than 
1 meal 
/week 
About 1 
meal /week 
2-3 meals 
/week 
4-5 meals 
/week 
6 or 
more 
meals 
/week 
Not 
applicable 
A On your own 1 2 3 4 5 99 
B With your children 1 2 3 4 5 99 
C With other family members from the same household 1 2 3 4 5 99 
D With other relatives from a different household 1 2 3 4 5 99 
E With friends 1 2 3 4 5 99 
F With other colleagues 1 2 3 4 5 99 
G With flatmates 1 2 3 4 5 99 
 
C13. How much do you agree or disagree with the following: (Please tick one response on each 
line). 
 
 
Never 
/rarely 
Some-
times 
Most of 
the time Always 
Not 
applicable 
A Meals are an important part of the day for me/my partner 1 2 3 4 99 
B My family/household eat dinner together 1 2 3 4 99 
C I eat dinner at the dinner table in my house 1 2 3 4 99 
D I eat dinner while watching television 1 2 3 4 99 
E I enjoy eating the evening meal 1 2 3 4 99 
F I eat snacks while watching television 1 2 3 4 99 
 
 
C14. In the last 12 months, were there any times that you ran out of food, and couldn’t afford to 
buy more? (Please tick one response only). 
 
Yes  1 
No  2 
Don’t know  97 
 
If NO or DON’T KNOW→  skip to question C16 
 
C15. How often did this happen? (Please tick one response only).   
 
Once a week  1 
Once every two weeks  2 
Once a month  3 
Less than once a month  4 
Don’t know  97 
 
   
 
The next few questions ask about a healthy diet.  
By this, we mean a diet that includes a lot of fruit and vegetables, and doesn’t contain a lot of fat. 
 
C16. How confident are you that you could do the following? (Please tick one response on each 
line). 
 
 
 Not at all confident 
Slightly 
confident 
Moderately 
confident 
Very 
confident 
Extremely 
confident 
A Shop regularly for healthy nutritious foods over the next year 1 2 3 4 5 
B Prepare/cook healthy nutritious foods over the next year 1 2 3 4 5 
C Stick to eating healthy nutritious foods over the next year 1 2 3 4 5 
D Eat enough fruit for good health over the next year 1 2 3 4 5 
E Eat enough vegetables for good health over the next year 1 2 3 4 5 
F Limit your fast food consumption to once a week or less over the next year 1 2 3 4 5 
G Eat a low-fat diet over the next year 1 2 3 4 5 
H 
Stick to low-fat healthy foods even 
when you feel depressed, bored or 
tense 
1 2 3 4 5 
I Stick to low-fat healthy foods when you are eating out 1 2 3 4 5 
J Not eat snacks while watching TV  1 2 3 4 5 
K Stick to low-fat healthy foods even when there are high-fat foods available 1 2 3 4 5 
L 
Stick to low-fat healthy foods even 
when eating with friends or co-
workers 
1 2 3 4 5 
M 
Stick to low-fat healthy foods even 
when you are alone and there is no one 
to watch you 
1 2 3 4 5 
N 
Stick to low-fat healthy foods even 
when you feel too tired or lazy to 
prepare something healthy 
1 2 3 4 5 
O 
Stick to low-fat healthy foods even 
when you are craving less healthy 
foods 
1 2 3 4 5 
P Not eat meals while watching TV 1 2 3 4 5 
Q Stick to low-fat healthy foods when you are eating at work/place of study 1 2 3 4 5 
Not 
applicable
99 
 
   
The next few questions refer to servings of fruits and vegetables. Here are some examples of a 
serving of fruit or vegetables. 
 
1 serve of fruit = 1 medium sized piece (e.g. 1 medium apple) or 2 small pieces (e.g. apricots) or 1 cup 
of chopped or canned fruit.  
 
1 serve of vegetable = 1/2 cup of cooked vegetables or legumes or 1 medium sized potato or 1 cup of 
salad vegetables 
 
 
C17. Before you started this survey, how likely or unlikely was it that in the next two weeks you 
would try to... (Please tick one response on each line). 
 
 
 Very unlikely 
Quite 
unlikely 
A little 
unlikely 
Neither 
likely 
nor 
unlikely 
A 
little 
likely 
Quite 
likely 
Very 
likely 
A eat two or more serves of fruit every day? 1 2 3 4 5 6 7 
B eat five or more serves of vegetables every day? 1 2 3 4 5 6 7 
 
 
 
C18. Please consider the following questions. (Please tick one response on each line). 
 
 
 Very unlikely 
Quite 
unlikely 
A little 
unlikely 
Neither 
likely 
nor 
unlikely 
A 
little 
likely 
Quite 
likely 
Very 
likely 
A 
Assuming that you tried to eat two 
serves of fruit or more per day in the 
next two weeks, how likely or unlikely is 
it that you would actually stick to your 
routine? 
 
1 2 3 4 5 6 7 
B 
Assuming that you tried to eat five 
serves of vegetables or more per day 
in the next two weeks, how likely or 
unlikely is it that you would actually 
stick to your routine? 
 
1 2 3 4 5 6 7 
 
 
 
C19. During the past year, how often did members of your family (including spouse/partner):  
(Please tick one response on each line) 
 
 
 Never Rarely 
A 
few 
times 
Often 
Very 
often 
Not 
applicable 
A Eat healthy low-fat foods with you 1 2 3 4 5 99 
B Encourage you to eat healthy low-fat foods 1 2 3 4 5 99 
C Discourage you from eating unhealthy foods 1 2 3 4 5 99 
 
   
 
C20. During the past year, how often did friends or work colleagues: (Please tick one response on 
each line). 
 
 
 Never Rarely 
A 
few 
times 
Often 
Very 
often 
Not 
applicable 
A Eat healthy low-fat foods with you 1 2 3 4 5 99 
B Encourage you to eat healthy low-fat foods 1 2 3 4 5 99 
C Discourage you from eating unhealthy foods 1 2 3 4 5 99 
 
C21. How much do you agree or disagree with the following: (Please tick one response on each 
line). 
 
 
 Strongly disagree 
Disagree 
Neither 
agree or 
disagree 
Agree 
Strongly 
agree 
A I do not buy many fruits because they cost too 
much 1 2 3 4 5 
B I do not buy many vegetables because they cost 
too much 1 2 3 4 5 
C A large selection of fruit and vegetables are 
available in my neighbourhood 1 2 3 4 5 
D The fresh fruit and vegetables in my 
neighbourhood are of high quality 1 2 3 4 5 
E A large selection of low-fat products are 
available in my neighbourhood 1 2 3 4 5 
 
C22. The following questions are about barriers you might experience to eating a healthy diet. 
How important are the following barriers to you eating a healthy diet? (Please tick one 
response on each line). 
 
 
  Not a barrier 
A some-
what 
important 
barrier 
A very 
important 
barrier 
A Do not have enough information about a healthy diet 1 2 3 
B Do not have the motivation to eat a healthy diet 1 2 3 
C Do not enjoy eating healthy foods 1 2 3 
D Do not have the skills to plan, shop for, prepare or cook healthy foods 1 2 3 
E Do not have access to healthy foods 1 2 3 
F Not able to buy healthy foods that are inexpensive 1 2 3 
G No partner's support to eat a healthy diet 1 2 3 
H No children's support to eat a healthy diet 1 2 3 
I No friends' support to eat a healthy diet 1 2 3 
J Not having time to prepare or eat healthy foods because of job 1 2 3 
K Not having time to prepare or eat healthy foods because of family commitments 1 2 3 
   
 
It is often hard to know which foods are healthy and which are not. The next few questions are 
about choosing foods. 
 
For example, suppose you were asked .. 
“If a person wanted to cut down on fat, which cheese would be best to eat?” 
 
Cheddar cheese  1 
Camembert  2 
Cream cheese  3 
Cottage cheese  4 
 
If you thought cottage cheese was the right answer, even though you may not like it, you would still tick 
cottage cheese. 
 
 
 
C23. In your view, which one of the following would be the best choice for a low fat, high fibre 
snack? (Please tick one response only). 
 
 
Diet strawberry yoghurt  1 
Sultanas  2 
A muesli bar  3 
Wholemeal biscuits with cheddar 
cheese  4 
I don’t know  97 
 
 
 
C24. In your view, which one of the following would be the best choice for a low fat, high fibre 
light meal? (Please tick one response only). 
 
 
Grilled chicken  1 
Cheddar cheese on wholemeal toast  2 
Baked beans on wholemeal toast  3 
Quiche  4 
I don’t know  97 
 
 
 
C25. In your view, which kind of sandwich do you think is the lower kilojoule (calorie) choice? 
(Please tick one response only). 
 
 
One made of two thick slices of bread 
with a thin slice of cheddar cheese   1 
One made of two thin slices of bread 
with a thick slice of cheddar cheese  2 
I don’t know  97 
 
    
   
 
C26. Many people eat spaghetti Bolognese (pasta with a tomato and meat sauce). In your 
view, which one of the following do you think is the lower fat option? (Please tick one 
response only). 
 
A large amount of pasta with a small amount of meat 
sauce  1 
A small amount of pasta with a large amount of meat 
sauce  2 
I don’t know  97 
 
C27. If a person wanted to reduce the amount of fat in their diet, but didn’t want to give up hot 
chips, which one of the following do you think would be the best choice? (Please tick one 
response only). 
 
Thick cut chips  1 
Thin cut chips  2 
Crinkly cut chips  3 
I don’t know  97 
 
 
C28. If a person felt like something sweet, but was trying to cut down on sugar, which one of the 
following do you think would be the best choice? (Please tick one response only). 
 
Honey on toast  1 
A cereal snack bar  2 
A plain sweet biscuit (e.g. Marie biscuit or Arrowroot or 
Digestive)  3 
Banana with plain yoghurt  4 
I don’t know  97 
 
 
C29. In your view, which one of the following would be the best choice for a low kilojoule 
(calorie) dessert? (Please tick one response only). 
 
A small bowl of stewed fruit  1 
A small tub of regular strawberry yoghurt  2 
2 wholemeal biscuits with cheddar cheese  3 
A slice of carrot cake with cream cheese topping  4 
I don’t know  97 
 
 
C30. In your view, which one of the following would be the best choice for a low kilojoule 
(calorie) drink? (Please tick one response only). 
 
Soft-drink  1 
Cordial  2 
Fruit juice  3 
Diet cordial or diet soft-drink  4 
I don’t know  97 
   
 
Section D: About Your Neighbourhood and Your Community Activities 
This section of the survey relates to your local neighbourhood environment. When we refer to your 
“neighbourhood”, we mean your suburb or the local area where you live. When answering the 
questions please make sure you refer your neighbourhood only. 
 
D1. How often have you done any of the following activities in the past 12 months? (Please tick 
one circle on each line). 
 
 
 
Not 
at 
all 
Less 
than 
once 
per 
month 
About 
once 
or 
twice  
per 
month 
More 
than 
twice 
per 
month 
A Visited family or had family visit 1 2 3 4 
B Visited friends or had friends visit 1 2 3 4 
C Visited neighbours or had neighbours visit 1 2 3 4 
D Been to a cafe or restaurant 1 2 3 4 
E Been to a social club 1 2 3 4 
F Been to the cinema or theatre 1 2 3 4 
G Been to a party or dance 1 2 3 4 
H Played sport 1 2 3 4 
I Been to the gym or exercise class 1 2 3 4 
J Been to a class (e.g., cooking, language) 1 2 3 4 
K Been involved in a hobby group 1 2 3 4 
L Been involved in a singing/acting/music group 1 2 3 4 
M Been involved in a self-help or support group 1 2 3 4 
N Been involved in a resident or community action group 1 2 3 4 
O Been involved in a political party, trade union or political campaign 1 2 3 4 
P Been involved in a campaign or action to improve social
 or environmental 
conditions 1 2 3 4 
Q Been involved in local government 1 2 3 4 
R Been involved in a volunteer organisation or group 1 2 3 4 
S Been involved in a school related group 1 2 3 4 
T Been involved in a ethnic group 1 2 3 4 
U Been involved in a service club 1 2 3 4 
V Attended church  1 2 3 4 
 
   
 
D2. How much do you agree or disagree with the following statements: (Please tick one response 
on each line). 
 
 
 Strongly disagree 
Disagree 
Neither 
agree or 
disagree 
Agree Strongly agree 
A Most people can be trusted 1 2 3 4 5 
B You can’t be too careful dealing with people 1 2 3 4 5 
C Most of the time people try to be helpful 1 2 3 4 5 
D People are mostly looking out for themselves 1 2 3 4 5 
E People in this neighbourhood can be trusted 1 2 3 4 5 
F This is a close-knit neighbourhood 1 2 3 4 5 
G People around here are willing to help their neighbours 1 2 3 4 5 
H People in this neighbourhood generally don't get along with 
each other 1 2 3 4 5 
I People in this neighbourhood do not share the same values 1 2 3 4 5 
 
D3. How much do you agree or disagree with the following statements: (Please tick one response 
on each line). 
 
  Strongly 
disagree Disagree 
Neither 
agree or 
disagree 
Agree 
Strongly 
agree 
A I feel safe walking in my neighbourhood, day or night 1 2 3 4 5 
B Violence is not a problem in my neighbourhood 1 2 3 4 5 
C My neighbourhood is safe from crime 1 2 3 4 5 
D There is a lot of rubbish on the street in my 
neighbourhood 
1 2 3 4 5 
E There is a lot of noise in my neighbourhood 1 2 3 4 5 
F In my neighbourhood the buildings and homes are well-
maintained 
1 2 3 4 5 
G The buildings and homes in my neighbourhood are 
interesting 
1 2 3 4 5 
H My neighbourhood is attractive 1 2 3 4 5 
I My neighbourhood offers many opportunities to be 
physically active 
1 2 3 4 5 
J Local sports clubs and other facilities in my 
neighbourhood offer many opportunities to get exercise 
1 2 3 4 5 
K Organised sport is important to people in my 
neighbourhood 
1 2 3 4 5 
L It is pleasant to walk in my neighbourhood 1 2 3 4 5 
M The trees in my neighbourhood provide enough shade 1 2 3 4 5 
N In my neighbourhood it is easy to walk places 1 2 3 4 5 
O I often see other people walking in my neighbourhood 1 2 3 4 5 
P I often see other people exercising (e.g. jogging, 
bicycling, playing sports) in my neighbourhood 
1 2 3 4 5 
Q Dogs frighten people who walk around my 
neighbourhood 
1 2 3 4 5 
R The streets in my neighbourhood are well lit at night 1 2 3 4 5 
S The footpaths in my neighbourhood are in good condition 1 2 3 4 5 
   

Section E: Your Thoughts on Growing Older and Retirement 
The questions in this section relate to your views on growing older and retirement.  
 
E1. Have you begun to think about your life in retirement? In particular, have you made any 
plans for the following aspects of your life? (Please tick one response on each line). 
 
  Not 
at 
all 
Thought 
about it 
Made 
some 
plans 
Have 
firm 
plans 
A  To be socially active with friends or family or the 
community 
1 2 3 4 
B To be mentally active (e.g. join a group, do word or 
number puzzles) 
1 2 3 4 
C  To be physically active 1 2 3 4 
D To be financially secure 1 2 3 4 
E To be in some kind of paid, unpaid or voluntary work 1 2 3 4 
F To be in housing that meets your needs 1 2 3 4 
 
 
E2. On the whole, has growing older been a positive or negative experience? (Please tick one 
response on each line). 
 
Very positive Mainly 
positive 
Neither positive 
nor negative 
Mainly 
negative 
Very negative 
1 2 3 4 5 
 
 
E3. Thinking about growing older, to what extent do you agree or disagree with each of the 
following statements? (Please tick one response on each line). 
 
 
 
Strongly 
disagree 
Disagree Neither 
agree or 
disagree 
Agree Strongly 
agree 
A We can learn a lot from old people 1 2 3 4 5 
B As I get older, I expect to become more lonely 1 2 3 4 5 
C Old age is a time of ill health 1 2 3 4 5 
D As I grow older, I become more tolerant 1 2 3 4 5 
E Old age is a time of loneliness 1 2 3 4 5 
F As I get older, I expect to be able to do the things I’ve always done 
1 2 3 4 5 
G When I think of old people, I think of them as generally grumpy and miserable 
1 2 3 4 5 
H I worry that my health will get worse as I grow older 1 2 3 4 5 
I I don’t think of myself as old 1 2 3 4 5 
J Old people don’t get respect in society 1 2 3 4 5 
K Retirement is a time of leisure 1 2 3 4 5 
L Growing older doesn’t bother me 1 2 3 4 5 
 
   
 
Section F: Your Physical Self 
This section relates to your physical self. Please answer all questions. 
 
F1. How often do you weigh yourself? (Please tick one response only). 
 
Never  1 
About once a year  2 
Every couple of months  3 
Once or twice a month  4 
Once a week  5 
Several times a week  6 
Once a day  7 
More than once a day  8 
 
 
F2. How much do you currently weigh, without clothes or shoes? (Please write an answer in 
the box provided). 
 
   
   kg  Or     Stones     Pounds 
 
 
 
 
F3. How tall are you (without shoes)? (Please write answer in the box provided). 
 
 
cm  Or        Feet       Inches 

 
 
 
F4.  Has a doctor EVER told you that you have: 
(If YES, please tick the circle and give your age when the condition was first found). 
 
YesA NoA AgeB 
Skin cancer (not melanoma)  1 2   
Melanoma  1 2   
Stroke  1 2   
Diabetes  1 2   
Blood clot (thrombosis)  1 2   
Asthma  1 2   
Hayfever  1 2   
Depression  1 2   
Anxiety  1 2   
Heart disease (please specify  in the space below) 1 2   
 
 
   
  
   
The next two questions are for WOMEN only. 
MEN, please SKIP this question and go to F7. 
 
 
F5. Has a doctor EVER told you that you have: 
(If YES, please tick the circle and give your age when the condition was first found). 
 
WOMEN only YesA NoA AgeB 
High blood pressure (when pregnant)  1 2  
High blood pressure (when not pregnant)  1 2  
Breast cancer  1 2  
Other cancer (please specify in the space 
below) 96 96  
 
 
F6. Have you reached menopause? (Please tick one response only).  
 
Yes  1 
No  2 
Don’t know  3 
 
 
The next question is for MEN only. 
WOMEN, please SKIP this question and go to G1 
 
 
F7. Has a doctor EVER told you that you have:  
(If YES, please tick the circle and give your age when the condition was first found). 
 
MEN only YesA NoA  AgeB  
High blood pressure  1 2   
Enlarged prostate  1 2   
Prostate cancer  1 2   
Other cancer (please specify in the space 
below) 
96  96 
  
 
 
   
 
Section G:  About You 
G1. What is your date of birth? (Please write on the line) 
 
 ____/____/ 19____  (dd/mm/19yy). 
  
 
G2. What is today’s date? (Please write on the line) 
 
 ____/____/ 2010  (dd/mm/YYYY). 
 
 
G3. What is your HOME address? This may be different to your postal address. We ask for this 
information because we would like to find out how far it is for you to get to local facilities 
and services such as parks, shopping centres and food outlets. 
 
 __________ _________________________________________________ 
 (house/unit number)    (street name) 
 
 ___________________________________________ __________ 
 (suburb)       (postcode)  
 
 
G4. What is your POSTAL address? This may be different to your home address. (If this is the 
same as your home address, please write “as above”). 
 
 __________________________________________________________ 
     
 __________________________________________________________ 
 
 
G5. Are you...  (Please tick one response only). 
 
Male 1 
Female 2 
       
 
G6. In which country were you born? (Please tick one response only).   
  
Australia 1 
UK 2 
Italy 3 
Greece 4 
New Zealand 5 
Vietnam 6 
Other 96 
Prefer not to say 99 
 
 
G7.  In your household, do you usually speak English?  (Please tick one response only). 
 
Yes 1 
No 2 
   
 
G8. Which of the following best describes your current relationship status? (Please tick one 
response only). 
 
Living in a registered marriage 1 
Living in a de facto relationship 2 
Separated 3 
Divorced 4 
Widowed 5 
Never married 6 
 
 
 
 
G9. What is the HIGHEST qualification you, and your spouse/partner, have completed? (Please 
tick one response in each column: one for you, and one for your spouse/partner. If you do not have 
a spouse/partner please tick that response below). 
 
 Self a Spouse/ 
Partner b 
No formal qualifications 1 1 
Year 10 or equivalent (e.g. School Certificate) 2 2 
Year 12 or equivalent (e.g. Higher School Certificate)  3 3 
Trade/apprenticeship (e.g. hairdresser, chef) 4 4 
Certificate/diploma (e.g. childcare, technician) 5 5 
University degree 6 6 
Higher University degree (e.g. Graduate Diploma, Masters, 
PhD) 
7 7 
I do not have a spouse/partner  8 
 
 
 
 
G10. Which of the following BEST describes your current MAIN DAILY activities and/or 
responsibilities, and those of your spouse/partner?  (Please tick one response in each 
column: one for you, and one for your spouse/partner. If you do not have a spouse/partner please 
tick that response below). 
 
  
 Self a Spouse/ 
Partner b 
Working full-time 1 1 
Working part-time 2 2 
Unemployed or laid off 3 3 
Keeping house and/or raising children full-time 4 4 
Studying full-time 5 5 
Retired 6 6 
I do not have a spouse/partner  7 
 
   
 
G11. If you do paid work, how many hours did you spend in your paid job(s) in total in the last 
week?  (Please tick one response only). 
 
I didn’t do any paid work 1 
1-15 hours 2 
16-24 hours 3 
25-34 hours 4 
35-40 hours 5 
41-48 hours 6 
49 hours or more 7 
 
If NO PAID WORK→skip to question G13 
 
G12. If you do paid work, how often does this involve working night or weekend shifts?  (Please 
only tick one response for nights and one response for weekends). 
 
 Night Shifts a Weekend Shifts b 
Never 1 1 
Sometimes 2 2 
Often 3 3 
Always 4 4 
 
G13. When did you retire or give up work completely? (Please write an answer in the box 
provided). 
   Years of age  Go to G15 
 
1  I’m not retired   
  
G14. At what age do you expect to retire (completely) from the paid workforce? Please select 
one only. 
     Years of age OR 
 
Do not expect to ever retire 1 
Have already retired 2 
Don’t know 97 
 
G15. Do you have access to a motor vehicle for private use whenever you need it?   (Please tick 
one response only). 
 
Yes 1 
No 2 
 
G16. Do you own a dog? (Please tick one response only). 
 
Yes 1 
No 2 
 
 
 
   
 
The following question asks about your household income.  
This is an important question because household income is known to have an influence on people’s 
health.   
 
 
G17. What is the average gross (before tax) income that you and your household receive each 
WEEK, including wages, salary, pensions and allowances?  (Please tick one response in 
each column: one for yourself and one for your household). 
 
 Self a Household b 
No income 1 1 
$1-$119 per week ($1-$6,239 annually) 2 2 
$120-$299 per week ($6,240-$15,999 annually) 3 3 
$300-$499 per week ($16,000-$25,999 annually) 4 4 
$500-$699 per week ($26,000-$36,999 annually) 5 5 
$700-$999 per week ($37,000-$51,999 annually) 6 6 
$1,000-$1,499 per week ($52,000-$77,999 annually) 7 7 
$1,500- $1999 per week ($78,000-$103,999 annually) 8 8 
$2,000-$2,499 per week ($104,000-$129,999 annually) 10 10 
$2,500-$2,999 per week ($130,000-$155,999 annually) 11 11 
$3,000-$3,499 per week ($156,000-$181,999 annually) 12 12 
$3,500-$3,999 ($182,000-$207,999 annually) 13 13 
$4000 or above ($208,000 or more annually) 14 14 
Don’t know 97 97 
Don’t want to answer 99 99 
 
 
G18. How many people (including yourself) are dependent on this household income?  (Please 
tick one response only). 
 
One (self) 1 
Two 2 
Three 3 
Four 4 
Five 5 
Six or more 6 
 
 
G19. At the place where you now live, are you: (Please tick one response only). 
 
An owner (No mortgage) 1 
A purchaser (Paying mortgage) 2 
A renter 3 
Living rent-free 4 
A boarder 5 
 
   
 
G20. How many televisions do you have in your house?  (Please tick one response only). 
 
None 0 
One 1 
Two 2 
Three 3 
Four or more 4 
 
G21. How many children do you have? (Please tick one response only). 
 
One  1 
Two  2 
Three  3 
Four or more  4 
None  0 Go to G26 
 
G22. Are there any children living with you now? (Please tick one response only). 
 
 
 
If NO→skip to G24 
 
G23. How many children live with you now?  (Please tick one response on each line). 
 
 None One Two 
Three 
or 
more 
Children under 2 years 0 1 2 3 
Children between 2 and 4 years 0 1 2 3 
Children between 5 and 12 years 0 1 2 3 
Children between 13 and 18 years 0 1 2 3 
Children 18 years and above 0 1 2 3 
 
G24. Are there any grandchildren living with you now? (Please tick one response only). 
 
 
If NO→skip to G26 
 
G25. How many grandchildren live with you now?  (Please tick one response on each line). 
 
 None One Two 
Three 
or 
more 
Grand children under 2 years 0 1 2 3 
Grand children between 2 and 4 years 0 1 2 3 
Grand children between 5 and 12 years 0 1 2 3 
Grand children between 13 and 18 years 0 1 2 3 
Grand children 18 years and above 0 1 2 3 
 
Yes   1 
No   2 
Yes   1 
No   2 
   
 
G26. Do you have any of the following Health cards: (Please tick all that apply).
 
Any cards from the Department of Veterans' Affairs (DVA) 1 
Health Care Card (including the low income health care card) 2 
Pensioner Concession Card 3 
Commonwealth Seniors Health Card 4 
Other 96 
None 0 
 
  
G27. Do you regularly provide (unpaid) care for grandchildren or other people’s children? 
(Please tick one response only). 
 
Yes, daily 1 
Yes, weekly 2 
Yes, occasionally 3 
No, never 4 
 
G28. Do you regularly provide care or assistance (e.g. personal care, transport) to any other 
person because of their long-term illness, disability or frailty? (Please tick one response 
only). 
 
 Yes No  
For someone who lives with you 1 2 If NO go to the next section 
For someone who lives elsewhere 1 2 If NO go to the next section 
 
 
G29. How many people with long-term illness, disability or frailty do you regularly provide care 
for? (Please tick one response only). 
 
One person 1 
Two people 2 
More than two people 3 
 
 
G30. How often in total do you provide this care or assistance? (Please tick one response only). 
 
Every day 1 
Several times a week 2 
Once a week 3 
Once every few weeks 4 
Less often 5 
 
 
T1 2010  ID:_________________   
 
Thank you very much for participating in this important study. 
 
That is the end of the survey. Thank you for your time. Please check that you have answered 
all questions on each page.  
 
We plan to conduct a follow-up to the WELL Survey in two years time. This means that in two 
years time, we would like to ask you to complete this survey again. This will allow us to examine 
changes in your health and to understand the influences on this over time. This information will 
help us develop ways to encourage and promote positive changes in adults’ health. If you 
would be willing to help with our follow-up research, please complete the section below: 
 
 Yes, I agree to be contacted about the follow up research and give permission for 
Deakin University research staff to contact me. (Please tick) 
 
As we have already asked you about your postal address, please provide your phone 
and/or email contacts in case you move. 
 
Phone Numbers:  
 
(home)  __________________________  
(work) __________________________ 
 (mobile)__________________________ 
 Email Address:    ___________________________________________________ 
 
The above information will be used for the purpose of contacting you in relation to a follow up 
survey. Deakin University manages personal information held by it in accordance with the 
privacy Act 2000 (Vic). The University’s privacy policy is located at 
http://theguide.deakin.edu.au or a copy may be obtained by contacting the privacy officer on 03 
9246 8114 or at privacy@deakin.edu.au.  
 
If however, you do not wish to be contacted about participation in the follow up research, please 
tick the box below. 
 
 I only want to be involved in the first study and not in any follow-up studies (please 
tick if appropriate). 
 
Newsletter and results from study 
 
 Yes, I wish to receive a newsletter about the results of this study and give permission 
for Deakin University to send newsletters to my home address or email address. 
(Please tick) 
 Home address (as in question G3) 
 
 Email address (As above) 
Mailing address 
When you have completed your survey, please mail it in the reply paid envelope provided 
with the consent form OR to the following address:  
WELL Study 
Dr Scott Fletcher 
Reply Paid 60208 
Deakin University 
School of Exercise and Nutrition Sciences 
221 Burwood Highway 
Burwood Victoria 3125 Australia 
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  Yes,
limited 
a lot 
 
Yes, 
limited 
a little 
 
No, not
limited 
at all 
A Vigorous activities, such as running, lifting heavy objects, 
participating in strenuous sports    
B Moderate activities, such as moving a table, pushing a vacuum 
cleaner, bowling, or playing golf     
C Lifting or carrying groceries   
   
D Climbing several flights of stairs  
   
E Climbing one flight of stairs  
   
F Bending, kneeling, or stooping  
   
G Walking more than one kilometre   
   
H Walking half a kilometre   
   
I Walking one hundred metres 
   
J Bathing or dressing yourself  
   
 Excellent Very good Good Fair Poor 
     
Section A:  Your General Health 
 
This survey asks for your views about your health, how you feel and how well you are able to 
do your usual activities. 
 
For each of the following questions, please shade the response that best describes your 
answer. Please answer all questions as honestly as possible. 
A1. In general, would you say your health is: (Please shade one response only).
A2. Compared to one year ago, how would you rate your health in general now? (Please
shade one response only).
Much better 
now than 
one year 
ago 
Somewhat 
better now 
than one 
year ago 
About the 
same as one 
year ago 
Somewhat 
worse now 
than one 
year ago 
Much worse 
now than 
one year 
ago 
     
 
A3. The following items are about activities you do during a typical day. Does your health
now limit you in these activities? If so, how much?(Please shade one response on each line).
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  Yes No 
A Cut down on the amount of time you spent on work or other activities   
B Accomplished less than you would like   
C Did work or other activities less carefully than usual   
 
  Yes No 
A Cut down on the amount of time you spent on work or other activities   
B Accomplished less than you would like   
C Were limited in the kind of work or other activities   
D Had difficulty performing the work or other activities (for example, it took extra effort)   
 
 Not at all Slightly Moderately Quite a bit Extremely 
     
None Very mild Mild Moderate Severe Very 
Severe 
     
 
 
 Not at all Slightly Moderately Quite a bit Extremely 
     
A4. During the past 4 weeks, have you had any of the following problems with your work
or other regular daily activities as a result of your physical health? (Please shade one
response on each line.)
A5. During the past 4 weeks, have you had any of the following problems with your work or
other regular daily activities as a result of any emotional problems (such as feeling
depressed or anxious)? (Please shade one response on each line).
A6. During the past 4 weeks, to what extent has your physical health or emotional problems
interfered with your normal social activities with family, friends, neighbours, or groups?
(Please shade one response only).
A7. How much bodily pain have you had during the past 4 weeks? (Please shade one
response only).
A8. During the past 4 weeks, how much did pain interfere with your normal work (including
both work outside the home and housework)? (Please shade one response only).
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  Definitely true 
Mostly 
true 
Don’t 
know 
Mostly 
false 
Definitely 
False 
A I seem to get sick a little easier than other people      
B I am as healthy as anybody I know      
C I expect my health to get worse       
D My health is excellent      
 
 
 
All of 
the 
time 
Most 
of the 
time 
A 
good 
bit of 
the 
time 
Some 
of the 
time 
A 
little 
of the 
time 
None 
of the 
time 
A Did you feel full of life?       
B Have you been a very nervous person?       
C Have you felt so down in the dumps that 
nothing could cheer you up?      
 
D Have you felt calm and peaceful?       
E Did you have a lot of energy?       
F Have you felt down?       
G Did you feel worn out?       
H Have you been a happy person?       
I Did you feel tired?       
 
I have never smoked  
I used to smoke  
I now smoke occasionally  
I now smoke regularly  
 
All of the 
time 
Most of the 
time 
Some of the 
time 
A little of the 
time 
None of 
the time 
     
 
A9. These questions are about how you feel and how things have been with you during the
past 4 weeks. For each question, please give the one answer that comes closest to the way you
have been feeling. How much of the time during the past 4 weeks...(Please shade one response
only).
A10. During the past 4 weeks, how much of the time has your physical health or emotional
problems interfered with your social activities (like visiting friends, relatives, etc.)? (Please
shade one response only).
A11. How TRUE or FALSE is each of the following statements for you? (Please shade one
response on each line).
A12. Which of the following best describes your current smoking status? (Please
shade one response only).
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I am actively doing things to try to gain weight at the moment  
I am actively doing things to try to avoid gaining weight at the 
moment  
I am actively doing things to try to lose weight at the moment  
I am not doing anything in particular for my weight at the moment  
 
Yes
No, I am usually more 
active
No, I am usually less 
active
 
Yes  
No  
A13. Which of the following best describes you at the moment ? (Please shade one
response only).
Section B:  Your Physical Activity Habits 
In this section, we are interested in your physical activity habits at home, work, transport to work, 
around the home, and during your spare time. Please answer all questions. 
 
We are interested in finding out about the kinds of physical activities you do as part of your everyday 
life. Please answer each question even if you don’t think you are an active person.  
 
Think about all the vigorous and moderate activities you did in the last 7 days.  
 
Vigorous physical activities refer to activities that take hard physical effort and make you breathe much 
harder than normal.  
 
Moderate activities refer to activities that take moderate physical effort and make you breathe 
somewhat harder than normal. 
 
We know that some weeks you might be more active than others. We would still like you to tell us about 
the physical activity you did in the LAST 7 DAYS. 
 
Part A of each question asks you to provide how many days during the past SEVEN days you have 
been active. 
 
Part B of each question asks you to provide how many hours/minutes you spent being active on 
ONE of those seven days on average. Please make sure that you provide the number of 
hours/minutes for ONE DAY ONLY not all days. 
B1. Do you have a serious illness, long term injury, or disability that prevents you from
being physically active? (Please shade one response only).
If YES, please specify:
B2. Thinking about how much physical activity you did in the last 7 days, was this a
typical week for you? (Please shade one response only).
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 Not at all in the last week  
 Not at all in the last week  
Yes
No
 
Job-Related Physical Activity 
 
The first section is about your work. This includes paid jobs, farming, volunteer work, and any other 
unpaid work you did outside your home. Do not include unpaid work you might do around your home, 
like housework, yard work, general maintenance, and caring for your family. These are asked in the 
section on housework and house maintenance later in the survey.   
The next questions are about all the physical activity you did in the last 7 days as part of your paid or 
unpaid work. This does not include travelling to and from work. 
Think about only those physical activities that you did for at least 10 minutes at a time. 
 

B3. Do you currently have a job or do any unpaid work outside your home? (Please
shade one response only)
If you answered NO -> skip to question B7
B4.a. During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work? (Think
about only those physical activities that you did for at least 10 minutes at a time.)
days per week or
If you answered NO -> skip to question B5
b. How much time did you usually spend on ONE OF THOSE DAYS doing vigorous
physical activities as part of your work?
hours and minutes per day
B5.a. Again, think about only those physical activities that you did for at least 10 minutes at
a time. During the last 7 days, on how many days did you do moderate physical activities
like carrying light loads as part of your work? Please do not include walking.
days per week or
If you answered NO -> skip to question B6
b. How much time did you usually spend on ONE OF THOSE DAYS doing moderate
physical activities as part of your work?
hours and minutes per day
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 Not at all in the last week  
 Not at all in the last week  
 Not at all in the last week  
B6.a. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
as part of your work? Please do not count any walking you did to travel to or from work.
days per week or
b. How much time did you usually spend on ONE OF THOSE DAYS walking as part of your
work?
hours and minutes per day
B7.a. During the last 7 days, on how many days did you bicycle for at least 10 minutes
at a time to go from place to place?
days per week or
b. How much time did you usually spend on ONE OF THOSE DAYS to bicycle from place to
place?
hours and minutes per days
B8.a. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
to go from place to place?
days per week or
b. How much time did you usually spend on ONE OF THOSE DAYS walking from place to
place?
hours and minutes per day
If you answered NO -> skip to question B7
If you answered NO -> skip to question B8
If you answered NO -> skip to question B9
 
Transportation Physical Activity 
These questions are about how you travelled from place to place, including to places like work, 
shops, movies, and so on. 
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 Not at all in the last week  
 Not at all in the last week  
 Not at all in the last week  
B9.a. Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like heavy
lifting, chopping wood, shovelling, or digging in the garden or yard?
days per week or
hours and
If you answered NO -> skip to question B10
b. How much time in total did you usually spend on ONE OF THOSE DAYS doing vigorous
physical activities in the garden or yard?
minutes per day
B10.a. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate activities like carrying light
loads, sweeping, washing windows, and raking in the garden or yard?
days per week or
If you answered NO -> skip to question B11
b. How much time in total did you usually spend on ONE OF THOSE DAYS doing moderate
physical activities in the garden or yard?
hours and minutes per day
B11.a. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate activities like carrying light
loads, washing windows, scrubbing floors and sweeping inside your home?
days per week or
If you answered NO -> skip to question B12
b. How much time did you usually spend on ONE OF THOSE DAYS  doing moderate
physical activities inside your home?
hours and minutes per day
Housework and House Maintenance
This section is about some of the physical activities you might have done in the last 7 days in 
and around your home, like housework, gardening, yard work, general maintenance work, and 
caring for your family. 
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Yes  
No         Go to B17
Don't know         Go to B17
 
 Not at all in the last week  
 Not at all in the last week  
 Not at all in the last week  
B12.a. Not counting any walking you have already mentioned, during the last 7 days, on how
many days did you walk for at least 10 minutes at a time in your leisure time?
days per week or
If you answered NO -> skip to question B13
b. How much time did you usually spend on ONE OF THOSE DAYS walking in your leisure
time?
hours and minutes per day
B13.a. Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
aerobics, running, fast bicycling, or fast swimming in your leisure time?
days per week or
If you answered NO -> skip to question B14
b. How much time did you usually spend on ONE OF THOSE DAYS doing vigorous physical
activities in your leisure time?
hours and minutes per day
B14.a. Think about only those physical activites that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your
leisure time?
days per week or
If you answered NO -> skip to question B15
b. How much time did you usually spend on ONE OF THOSE DAYS doing moderate physical
activities in your leisure time?
hours and minutes per day
B15. During the last 7 days, did you do any activities designed to increase muscle strength or
tone, such as lifting weights, pull-ups, push-ups, or sit-ups?
Recreation, Sport, and Leisure-Time Physical Activity
This section is about all the physical activities that you did in the last 7 days solely for 
recreation, sport, exercise or leisure. Please do not include any activities you have already 
mentioned. 
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Days last week  
Don't know  
 
B16. During the last 7 days, on how many days did you do these activities?
Time Spent Sitting 
The next questions are about the time you spend sitting while at work, at home, while doing study, 
and during leisure time. This may include time spent sitting at a desk, visiting friends, reading or sitting 
or lying down to watch television or sitting in a motor vehicle. 
B17.a. During the last 7 days, how much time did you usually spend sitting on a WEEKDAY
(INCLUDING the day and evening)?
hours and minutes per WEEKDAY
b. During the last 7 days, how much time did you usually spend sitting on a WEEKEND day
(INCLUDING the day and evening?
hours and minutes per WEEKEND day
 
In the times you spent sitting, we are interested in finding out the types of activities you did. 
 
B18. Of your total sitting time, during the last 7 days, how much time did you usually spend
sitting watching TV on a WEEKDAY?
hours and minutes per WEEKDAY
b. Of your total sitting time, during the last 7 days, how much time did you usually spend sitting
watching TV on a WEEKEND day?
hours and minutes per WEEKEND day
B19.a. Of your total sitting time, during the last 7 days, how much time did you usually spend sitting
at a computer on a WEEKDAY?
hours and minutes per WEEKDAY
b. Of your total sitting time, during the last 7 days, how much time did you usually spend sitting
at a computer on a WEEKEND day?
hours and minutes per WEEKEND  day
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B20. How confident are you that you could do physical activity, in each of the following
situations? (Please shade one response on each line).
I am confident that I could:
 Not at all 
Confident
Slightly 
Confident
Moderately 
Confident
Very 
Confident 
Extremely 
Confident
A Do physical activity even 
when I am tired 
     
B Do physical activity even 
when I am in a bad mood 
     
C Do physical activity even 
when I feel I don't have time 
     
D Do physical activity even 
when I am on holiday 
     
E Do physical activity even 
when it is raining 
     
 
Never  
Once or twice  
Weekly  
More than once a 
week  

The next two questions refer to activities completed in the past year. Please refer to this time
frame only when answering this question.
B22. During the past year, how often did members of your family or people you live with
(including spouse/partner): (Please shade one response on each line).
 Never Rarely A few times Often 
Very 
often 
 
N/A 
A Do physical activity with you? 
 
      
B Encourage you to be physically 
active? 
      
C Discourage you from sitting around 
too much (e.g. watching too much 
TV)? 
      
D Go to the park with you?       
 
B21. How many times in the past month did you meet someone to do physical activity
with?  (Please shade one response only).
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B23. During the past year, how often did friends or work colleagues: (Please shade one
response on each line).
  
Never Rarely A few times 
Often Very often 
 
N/A 
A Do physical activity with 
you? 
 
      
B Encourage you to be 
physically active? 
      
C Discourage you from 
sitting around too much 
(e.g. watching too much 
TV)? 
      
D Go to the park with you?       
 
B24. How much do you agree or disagree with the following statements: (Please shade one
response on each line).
 
 Strongly disagree 
Disagree 
Neither 
agree or 
disagree 
Agree 
Strongly 
agree 
A Lots of adults I know walk or 
cycle 
     
B Lots of adults I know do other 
forms of exercise or play sport 
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I don’t eat bread  
High fibre white bread  
White bread  
Wholemeal bread  
Rye bread  
Multigrain bread  
Other bread  
 
I don’t eat fruit  
Less than one serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4 serves/day  
5 serves/day  
6 serves or more/day  
 
I don’t eat vegetables  
Less than one serve/day  
1 serve/day  
2 serves/day  
3 serves/day  
4 serves/day  
5 serves/day  
6 serves or more/day  
 
Section C: Your Eating Habits 
This section of the survey is focused on your eating habits. Please take your time to answer all 
questions as best as you can.  
C1. About how many serves of vegetables do you usually eat per day? Do not include
potatoes, hot chips or fried potato. (1 serve = 1/2 cup cooked vegetables or 1 cup salad
vegetables. Please shade one response only)
C2. About how many serves of fruit do you usually eat per day? Do NOT include fruit juice.
(1 serve = 1 medium piece or 2 small pieces of fruit or 1 cup of diced pieces. Please shade one
response only).
C3. What type of bread do you usually eat? (Please shade one response only).
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Never/rarely 
Sometimes 
Usually 
Don't know
 
Never/rarely 
Sometimes 
Usually 
Don't know
 
I don’t drink milk
Whole  
Skim  
Low/reduced fat  
Soy  
Don’t know  
 
I don’t eat meat  
Never  
Rarely  
Sometimes  
Usually  
Always  
 
C4. About how often is the meat you eat trimmed of fat, either before or after cooking?
(Please shade one response only).
C5. What type of milk do you usually drink? (Please shade one response only).
C6. How often do you add salt to your food after it is cooked? (Please shade one response
only).
C7. How often do you add salt to your food during cooking? (Please shade one response
only).
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Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
DAIRY FOODS 
1 
Flavoured milk drinks  
(e.g. milkshakes, iced 
coffee, hot chocolate) 
         
2 Milk as a drink          
3 Milk on breakfast 
cereals          
4 Milk in hot beverages 
(e.g. in tea, coffee)          
5 Cream or sour cream          
6 Ice cream          
7 Yoghurt, plain or 
flavoured          
8 Cottage or ricotta 
cheese          
9 Cheddar and other 
cheeses          
BREAD & CEREAL FOODS 
10 White breads, toast or 
rolls          
11 
Wholemeal/mixed 
grain bread, toast or 
rolls 
         
12 English muffin, bagel 
or crumpet          
13 
Dry or savoury 
biscuits, crispbread, 
crackers 
         
14 Muesli          
15 Cooked porridge          
16 Breakfast cereal          
17 Rice (including white 
or brown)          
18 Pasta (including filled), 
noodles          
 
Never 
or less 
than 
once 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
C8. How often, on average, did you consume the following foods in the last 6 months?
Please shade the appropriate column. Please ensure you shade one response for every
food. If you never eat a particular food, fill in the box for 'Never, or less than once per month'.
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Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
MEAT, FISH, EGGS 
19 Mince dishes (e.g. 
rissoles, meatloaf)          
20 
Mixed dishes with beef, 
veal, lamb, pork (e.g. 
casserole, stir-fry) 
         
21 Beef, veal – roast, 
chop or steak          
22 Lamb – roast, chop or 
steak          
23 Mixed dishes with pork 
(e.g. casserole, stir-fry)          
24 Pork – roast, chop or 
steak          
25 Sausages, frankfurter          
26 Bacon          
27 Ham          
28 Luncheon meats, 
salami          
29 Liver (including pate)          
30 Other offal (e.g. 
kidneys)          
31 
Mixed dishes with 
chicken, turkey, duck 
(e.g. casserole, stir-fry) 
         
32 Chicken, turkey, duck – 
roast, steamed, BBQ          
33 Canned fish (e.g. tuna, 
salmon, sardines)          
34 Fish - steamed, baked, 
grilled          
35 Fish, fried or battered          
36 Other seafood (e.g. 
prawns, squid)          
37 Eggs          
  
Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 
Average number of times consumed in the last 6 months 
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Never or 
less 
than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ times 
per 
day 
 OTHER FOODS 
38 Cakes, sweet muffins, 
scones or pikelets          
39 Sweet pies or sweet 
pastries          
40 Other puddings/desserts          
41 Plain sweet biscuits          
42 Cream, chocolate biscuits          
43 Meat pie, sausage roll or 
other savoury pastries          
44 Pizza          
45 Hamburger          
46 Chocolate (inc. bars)          
47 Other confectionary (e.g. 
sweets or lollies)          
48 Jam, marmalade, honey 
or syrups          
49 Vegemite, Marmite, 
Promite          
50 Peanuts, peanut butter, 
other nut spreads          
51 Other nuts (e.g. almonds, 
walnuts)          
52 Seeds (e.g. sunflower, 
tahini)          
53 Potato chips, corn chips, 
Twisties etc          
54 Oil and vinegar salad 
dressing          
55 Mayonnaise or other 
creamy dressing          
56 Margarine on bread or 
cooked vegetables          
57 Butter on bread or cooked 
vegetables          
  
Never or 
less 
than 
once per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ times 
per 
day 
Average number of times consumed in the last 6 months  
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Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 NON-DAIRY BEVERAGES 
58 Fruit juice (100% juice)          
59 Fruit juice drink or fruit 
drink          
60 Vegetable, tomato juice          
61 Low-joule cordial          
62 Cordial          
63 Low-joule soft drink          
64 Soft drink (including 
flavoured mineral water)          
65 Water (inc. unflavoured 
mineral/soda/tap water)          
66 Coffee          
67 Tea          
68 Soy beverages          
69 Beer – low alcohol          
70 Beer – ordinary          
71 Red wine          
72 White wine or 
champagne/sparkling           
73 Wine cooler          
74 Sherry, port, fortified 
wines          
75 Spirits, liqueurs          
  
Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
 
Average number of times consumed in the last 6 months  
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Never or 
less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ times 
per 
day 
 VEGETABLES Including fresh, frozen and tinned 
76 Green/mixed salad in 
a sandwich          
77 As a side salad / with 
a main meal          
78 Stir-fried or mixed 
vegetables          
79 Vegetable casserole          
 Excluding their use in the above mixed dishes, please indicate how often you eat the following vegetables 
80 Potato, boiled, 
mashed, baked          
81 Hot chips, roast 
potatoes, wedges          
82 Pumpkin          
83 Sweet potato          
84 Peas          
85 Green beans          
86 Silverbeet, spinach          
87 Broccoli          
88 Cauliflower          
89 Brussels sprouts, 
cabbage, coleslaw          
90 Carrots          
91 Zucchini, eggplant, 
squash          
92 Capsicum          
93 Sweetcorn, corn on 
the cob          
94 Mushrooms          
95 Tomatoes          
  
Never or 
less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ times 
per 
day 
 
Average number of times consumed in the last 6 months  
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Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
VEGETABLES (Continued) 
96 Lettuce          
97 Celery, cucumber          
98 Onion or leeks          
99 Soybeans, tofu          
100 Baked beans          
101 Other beans (e.g. 
chickpeas), lentils          
 FRUITS including fresh, frozen and tinned 
102 Apple or pear          
103 Orange, mandarin or 
grapefruit          
104 Bananas          
105 Peach, nectarine, 
plum or apricot          
106 Mango or paw-paw          
107 Pineapple          
108 Grapes           
109 Melon(eg.watermelon, 
rockmelon)          
110 Strawberries or other 
berries          
111 Dried fruit          
  
Never 
or less 
than 
once 
per 
month 
1-3 
times 
per 
month 
Once 
per 
week 
2-4 
times 
per 
week 
5-6 
times 
per 
week 
Once 
per 
day 
2-3 
times 
per 
day 
4-5 
times 
per 
day 
6+ 
times 
per 
day 
Average number of times consumed in the last 6 months  
  You are halfway through!
- 
You may like to stop for a break now and do 
the rest of the survey later – please enjoy a 
cuppa. 
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 Never 
/rarely 
Some-
times 
Most of 
the time Always N/A 
A Meals are an important part of the day for me/my partner  
B My family/household eat dinner together 
C I eat dinner at the dinner table in my house 
D I eat dinner while watching television 
E I enjoy eating the evening meal 
F I eat snacks while watching television 
 
 
 
Less than 
1 meal 
/week 
About 1 
meal 
/week 
2-3 meals 
/week 
4-5 meals 
/week 
6 or more 
meals 
/week 
N/A 
A On your own 
B With your children  
C With other family members from the same household 
 
D With other relatives from a different household 
 
E With friends  
F With other colleagues  
G With flatmates  
 
C9. About how often do you usually eat meals (including breakfast, lunch, and dinner)?
(Please shade one response on each line).
C10. How much do you agree or disagree with the following: (Please shade one response on
each line).
C11. In the last 12 months, were there any times that you ran out of food, and couldn't
afford to buy more? (Please shade one response only).
If NO or DON'T KNOW -> skip to question C13
C12. How often did this happen? (Please shade one response only).
Once a week  
Once every two weeks  
Once a month  
Less than once a month  
Don’t know  
 
Yes  
No  
Don’t know  
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 Not at all 
confident
Slightly 
confident
Moderately 
confident
Very 
confident 
Extremely 
confident 
A Shop regularly for healthy nutritious foods over the next year      
B Prepare/cook healthy nutritious foods over the next year      
C Stick to eating healthy nutritious foods over the next year      
D Eat enough fruit for good health over the next year      
E Eat enough vegetables for good health over the next year      
F 
Limit your fast food 
consumption to once a week or 
less over the next year 
     
G Eat a low-fat diet over the next year      
H 
Stick to low-fat healthy foods 
even when you feel depressed, 
bored or tense 
     
I Stick to low-fat healthy foods when you are eating out      
J Not eat snacks while watching TV       
K 
Stick to low-fat healthy foods 
even when there are high-fat 
foods available 
     
L 
Stick to low-fat healthy foods 
even when eating with friends or 
co-workers 
     
M 
Stick to low-fat healthy foods 
even when alone and there is no 
one to watch you 
     
N 
Stick to low-fat healthy foods 
even when feeling too tired/lazy to 
prepare something healthy 
     
O 
Stick to low-fat healthy foods 
even when you are craving less 
healthy foods 
     
P Not eat meals while watching TV      
Q 
Stick to low-fat healthy foods 
when you are eating at 
work/place of study 
      
 
The next few questions ask about a healthy diet.
By this, we mean a diet that includes a lot of fruit and vegetables, and doesn’t contain a lot of 
fat. 
C13. How confident are you that you could do the following? (Please shade one response on
each line).
N/A
ID
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C14. During the past year, how often did members of your family (including
spouse/partner): (Please shade one response on each line).
 
Never Rarely 
A few 
times 
Often 
Very 
often 
N/A 
A Eat healthy low-fat foods with you 
      
B Encourage you to eat healthy low-fat foods 
      
C Discourage you from eating unhealthy 
foods       
 
 Strongly 
disagree 
Disagree 
Neither 
agree or 
disagree 
Agree 
Strongly 
agree 
A I do not buy many fruits because they 
cost too much      
B I do not buy many vegetables because 
they cost too much      
C A large selection of fruit and vegetables 
are available in my neighbourhood      
D The fresh fruit and vegetables in my 
neighbourhood are of high quality      
E A large selection of low-fat products 
are available in my neighbourhood      
 
  Never Rarely A few times Often 
Very 
often 
N/A 
A Eat healthy low-fat foods 
with you  
     
B Encourage you to eat 
healthy low-fat foods       
C Discourage you from eating 
unhealthy foods       
 
C15. During the past year, how often did friends or work colleagues: (Please shade one
response on each line).
C16. How much do you agree or disagree with the following: (Please shade one response on
each line).
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Not at 
all 
Less 
than 
once 
per 
month 
About 
once or 
twice  
per 
month 
More 
than 
twice 
per 
month 
A Visited family or had family visit 
B Visited friends or had friends visit 
C Visited neighbours or had neighbours visit 
D Been to a cafe or restaurant 
E Been to a social club 
F Been to the cinema or theatre 
G Been to a party or dance 
H Played sport 
I Been to the gym or exercise class 
J Been to a class (e.g., cooking, language) 
K Been involved in a hobby group 
L Been involved in a singing/acting/music group 
M Been involved in a self-help or support group 
N Been involved in a resident or community action group 
O Been involved in a political party, trade union or political campaign 
P Been involved in a campaign or action to improve socialor environmental conditions 
Q Been involved in local government 
R Been involved in a volunteer organisation or group 
S Been involved in a school related group 
T Been involved in a ethnic group 
U Been involved in a service club 
V Attended church  
 
D1. How often have you done any of the following activities in the past 12 months? (Please
shade one response on each line).
Section D: About Your Neighbourhood and Your Community Activities 
This section of the survey relates to your local neighbourhood environment. When we refer to your 
“neighbourhood”, we mean your suburb or the local area where you live. When answering the 
questions please make sure you refer to your neighbourhood only. 
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 Strongly 
disagree 
Disagree 
Neither 
agree or 
disagree 
Agree 
Strongly 
agree 
A I feel safe walking in my neighbourhood, 
day or night 
     
B Violence is not a problem in my 
neighbourhood 
     
C My neighbourhood is safe from crime      
D There is a lot of rubbish on the street in my 
neighbourhood 
     
E There is a lot of noise in my neighbourhood      
F In my neighbourhood the buildings and 
homes are well-maintained 
     
G The buildings and homes in my 
neighbourhood are interesting 
     
H My neighbourhood is attractive      
I My neighbourhood offers many 
opportunities to be physically active 
     
J Local sports clubs and other facilities in my 
neighbourhood offer many opportunities to 
get exercise 
     
K Organised sport is important to people in my 
neighbourhood 
     
L It is pleasant to walk in my neighbourhood      
M The trees in my neighbourhood provide 
enough shade 
     
N In my neighbourhood it is easy to walk 
places 
     
O I often see other people walking in my 
neighbourhood 
     
P I often see other people exercising (e.g. 
jogging, bicycling, playing sports) in my 
neighbourhood 
     
Q Dogs frighten people who walk around my 
neighbourhood 
     
R The streets in my neighbourhood are well lit 
at night 
     
S The footpaths in my neighbourhood are in 
good condition 
     
T I am satisfied with the quality of parks in my 
neighbourhood 
     
U I am satisfied with the number of parks in 
my neighborhood 
     
 
D2. How much do you agree or disagree with the following statements: (Please shade one
response on each line).
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D3. How much do you agree or disagree with the following statements: (Please shade one
response on each line).
 
 Strongly disagree Disagree 
Neither 
agree or 
disagree 
Agree 
Strongly 
agree 
A Most people can be trusted      
B You can’t be too careful dealing with 
people  
    
C Most of the time people try to be 
helpful  
    
D People are mostly looking out for 
themselves  
    
E People in this neighbourhood can be 
trusted  
    
F This is a close-knit neighbourhood      
G People around here are willing to 
help their neighbours  
    
H People in this neighbourhood 
generally don't get along with each 
other 
     
I People in this neighbourhood do not 
share the same values  
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  1-5min 6-10min 11-20min 21-30min 31+min Don’t know 
A Convenience/small 
grocery store       
B Supermarket       
C Hardware store       
D Fruit/vegetable store/ 
market       
E Laundry/dry cleaners       
F Clothing store       
G Post office       
H Library       
I Primary school       
J Other schools       
K Book store       
L Fast food restaurant       
M Coffee place       
N Bank       
O Other restaurant (not 
fast-food)       
P Video store       
Q Pharmacy/chemist       
R Hairdresser /barber 
shop       
 S Your job, place of work 
or study       
  
T Bus, train or tram stop       
U Park       
V Gym/fitness centre       
W  Recreation centre 
(swimming pool, 
community centre) 
      

D4. About how long would it take to get from your home to the nearest businesses or 
facilities listed below if you walked to them? (Please shade one response on each line). 
N/A
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In the last week  Go to next question 
In the last month  Go to next question 
2 – 3 months ago  Skip to question E1 
4-6 months ago  Skip to question E1 
6 – 12 months ago  Skip to question E1 
Over a year ago  Skip to question E1 

D5. When was the last time you visited a park? (Please shade one response only).
D7. During your last park or outdoor recreation area visit, how long did you spend there?
(Please shade one response only).
D8. During your last visit, how long were you physically active in the park?
D9. How do you usually get to the park you visit most often? (Please shade one
response only).
days
D6. How many days in the last month did you visit a park or outdoor recreation area?
< 30 mins  
30 to 59 mins  
1 to <2 hours  
2 to < 3 hours  
3 to < 4 hours  
More than 4 hours  

mins
Walk  
Bike  
Drive myself  
Get driven  
Public transport  
Taxi  

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  Not at 
all 
Thought 
about it 
Made 
some 
plans 
Have 
firm 
plans 
A  To be socially active with friends or 
family or the community 
    
B To be mentally active (e.g. join a group, 
do word or number puzzles) 
    
C  To be physically active     
D To be financially secure     
E To be in some kind of paid, unpaid or 
voluntary work 
    
F To be in housing that meets your needs  
   
 
 
 
Strongly 
disagree 
Disagree Neither 
agree or 
disagree
Agree Strongly 
agree 
A We can learn a lot from old people      
B As I get older, I expect to become more lonely 
     
C Old age is a time of ill health      
D As I grow older, I become more tolerant      
E Old age is a time of loneliness      
F As I get older, I expect to be able to do the things I’ve always done 
     
G When I think of old people, I think of them as generally grumpy and miserable 
     
H I worry that my health will get worse as I grow older 
     
I I don’t think of myself as old      
J Old people don’t get respect in society      
K Retirement is a time of leisure      
L Growing older doesn’t bother me      
 
Very positive Mainly positive Neither 
positive nor 
negative
Mainly 
negative 
Very negative 
     
 
E1. Have you begun to think about your life in retirement? In particular, have you made any
plans for the following aspects of your life? (Please shade one response on each line).
E2. On the whole, has growing older been a positive or negative experience? (Please shade
one response only).
E3. Thinking about growing older, to what extent do you agree or disagree with each of the
following statements? (Please shade one response on each line).
Section E: Your Thoughts on Growing Older and Retirement 
The questions in this section relate to your views on growing older and retirement.  
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E4. Choose the best answer for how you have felt over the past week: (Please shade 
one response on each line) 
  YES NO 
A Are you basically satisfied with your life?   
B Have you dropped many of your activities and interests?   
C Do you feel that your life is empty?   
D Do you often get bored?   
E Are you in good spirits most of the time?   
F Are you afraid that something bad is going to happen to you?   
G Do you feel happy most of the time?   
H Do you often feel helpless?   
I Do you prefer to stay at home, rather than going out and doing new things?   
J Do you feel you have more problems with memory than most?   
K Do you think it is wonderful to be alive now?   
L Do you feel pretty worthless the way you are now?   
M Do you feel full of energy?   
N Do you feel that your situation is hopeless?   
O Do you think that most people are better off than you are?   

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YesA NoA 
Skin cancer (not melanoma)  
Melanoma  
Stroke  
Diabetes  
Blood clot (thrombosis)  
Asthma  
Hayfever  
Depression  
Anxiety  
Heart disease (please specify  in the space 
below)  
 
Never  
About once a year  
Every couple of months  
Once or twice a month  
Once a week  
Several times a week  
Once a day  
More than once a day  
 
Section F: Your Physical Self 
This section relates to your physical self. Please answer all questions. 
F1. How often do you weigh yourself? (Please shade one response only).
F2. How much do you currently weigh, without clothes or shoes? (Please write an answer on
the line provided).
F3. In the last two years, have you been diagnosed with and/or treated for: (Please shade
one response on each line).
kg Or Stones Pounds
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MEN only YesA NoA 
High blood pressure 
  
Enlarged prostate 
  
Prostate cancer 
  
Other cancer (please specify in the space below)
  
 
Yes  
No  
Don’t know  
 
F4. In the last two years has a doctor EVER told you that you have: (Please shade
one response on each line).
F5. Have you reached menopause? (Please shade one response only).
F6. In the last two years has a doctor EVER told you that you have: (Please shade
one response on each line).
The next question is for MEN only. 
WOMEN, please SKIP this question and go to G1 
 
 
WOMEN only YesA NoA 
High blood pressure  
Breast cancer  
Other cancer (please specify in the space 
below)   
 
The next two questions are for WOMEN only. 
MEN, please SKIP this question and go to F6. 
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Section G:  About You 
G1. What is your date of birth? (Please write on the line).
/ / 1 9 (dd/mm/19yy)
G2. What is today's date? (Please write on the line).
/ /    2 0 1 4 (dd/mm/2012)
G3. What is your HOME address? This may be different to your postal address. We ask
for this information because we would like to find out how far it is for you to get to
local facilities and services such as parks, shopping centres and food outlets.
(house/unit number) (street name)
(suburb) (postcode)(state)
G4. How long have you lived here?
years months
G5. What is your POSTAL address? This may be different from your home address. (if this is
the same as your home address please write "as above").
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I didn’t do any paid work  
1-15 hours  
16-24 hours  
25-34 hours  
35-40 hours  
41-48 hours  
49 hours or more  
 
 Self a Spouse/ 
Partner b 
Working full-time   
Working part-time   
Unemployed or laid off   
Keeping house and/or raising children full-time   
Studying full-time   
Retired   
I do not have a spouse/partner   
 
Living in a registered marriage  
Living in a de facto relationship  
Separated  
Divorced  
Widowed  
Never married  
 
G6. Which of the following best describes your current relationship status? (Please shade
one response only).
G7. Which of the following BEST describes your current MAIN DAILY activities and/or
responsibilities, and those of your spouse/partner? (Please shade one response in each
column: one for you, and one for your spouse/partner. If you do not have a spouse/partner please
tick that response below).
G8. If you do paid work, how many hours did you spend in your paid job(s) in total in the
last week? (Please shade one response only).
If NO PAID WORK -> skip to question G10
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Yes  
No  
 
Yes  
No  
 
Do not expect to ever retire  
Have already retired  
Don’t know  
 
 Night Shifts a Weekend Shifts b 
Never   
Sometimes   
Often   
Always   
 
G9. If you do paid work, how often does this involve working night or weekend shifts?
(Please only shade one response for nights and one response for weekends).
G10. When did you retire or give up work completely? (Please write an answer in the box
provided).
years of age Go to G12
I'm not retired
G11. At what age do you expect to retire (completely) from the paid workforce? (Please
select one only).
years of age OR
G12. Do you have access to a motor vehicle for private use whenever you need it?
(Please shade one response only).
G13. Do you own a dog? (Please shade one response only).
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An owner (No mortgage)  
A purchaser (Paying mortgage)  
A renter  
Living rent-free  
A boarder  
 
One (self)  
Two  
Three  
Four  
Five  
Six or more  
 
Self a Household b 
No income   
$1-$119 per week ($1-$6,239 annually)   
$120-$299 per week ($6,240-$15,999 annually)   
$300-$499 per week ($16,000-$25,999 annually)   
$500-$699 per week ($26,000-$36,999 annually)   
$700-$999 per week ($37,000-$51,999 annually)   
$1,000-$1,499 per week ($52,000-$77,999 annually)   
$1,500- $1999 per week ($78,000-$103,999 annually)   
$2,000-$2,499 per week ($104,000-$129,999 annually)   
$2,500-$2,999 per week ($130,000-$155,999 annually)   
$3,000-$3,499 per week ($156,000-$181,999 annually)   
$3,500-$3,999 ($182,000-$207,999 annually)   
$4000 or above ($208,000 or more annually)   
Don’t know   
Don’t want to answer   
 
 
The following question asks about your household income.  
This is an important question because household income is known to have an influence on 
people’s health.   
G14. Which is the average gross (before tax) income that you and your household receive
each WEEK, including wages, salary, pensions and allowances? (Please shade one response
in each column: one for yourself and one for your household).
G15. How many people (including yourself) are dependent on this household income?
(Please shade one response only).
G16. At the place where you now live, are you: (Please shade one response only).
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Any cards from the Department of Veterans' Affairs (DVA)  
Health Care Card (including the low income health care card)  
Pensioner Concession Card  
Commonwealth Seniors Health Card  
Other  
None 
 
G17. Do you have any of the following Health cards: (Please shade all that apply).
Thankyou for finishing this survey!
We appreciate your time and effort.
That is the end of the survey. Please check that you have answered all 
questions on each page. 
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Appendix C: Abstracts of published manuscript  
This appendix contains the abstracts from two manuscripts that were published as a 
result of this thesis: 
Thorpe MG, Milte CM, Crawford D, McNaughton SA. A Revised Australian 
Dietary Guideline Index and its association with key sociodemographic 
factors, health behaviors and Body Mass Index in peri-retirement aged 
adults. Nutrients. 2016, 8, (3). 
 
Thorpe MG, Milte CM, Crawford D and McNaughton SA. A comparison of the 
dietary patterns derived by principal component analysis and cluster 
analysis in older Australians. International Journal of Behavioral 
Nutrition and Physical Activity, 2016, 13, (1):1-14. 
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Article
A Revised Australian Dietary Guideline Index and Its
Association with Key Sociodemographic Factors,
Health Behaviors and Body Mass Index in
Peri-Retirement Aged Adults
Maree G. Thorpe *, Catherine M. Milte, David Crawford and Sarah A. McNaughton
Centre for Physical Activity and Nutrition Research, School of Exercise and Nutrition Sciences, Deakin
University, 221 Burwood Hwy, Burwood, Victoria 3125, Australia; catherine.milte@deakin.edu.au (C.M.M.);
david.crawford@deakin.edu.au (D.C.); sarah.mcnaughton@deakin.edu.au (S.A.M.)
* Correspondence: mgt@deakin.edu.au; Tel.: +61-3-9251-7842
Received: 11 January 2016; Accepted: 3 March 2016; Published: 11 March 2016
Abstract: The Dietary Guideline Index, a measure of diet quality, was updated to reﬂect the 2013
Australian Dietary Guidelines. This paper describes the revision of the index (DGI-2013) and examines
its use in older adults. The DGI-2013 consists of 13 components reﬂecting food-based daily intake
recommendations of the Australian Dietary Guidelines. In this cross-sectional study, the DGI-2013
score was calculated using dietary data collected via an 111-item food frequency questionnaire
and additional food-related behaviour questions. The DGI-2013 score was examined in Australian
adults (aged 55–65 years; n = 1667 men; 1801 women) according to sociodemographics, health-related
behaviours and BMI.Women scored higher thanmen on the total DGI-2013 and all components except
for dairy. Those who were from a rural area (men only), working full-time (men only), with lower
education, smoked, did not meet physical activity guidelines, and who had a higher BMI, scored
lower on the DGI-2013, highlighting a group of older adults at risk of poor health. The DGI-2013 is a
tool for assessing compliance with the Australian Dietary Guidelines. We demonstrated associations
between diet quality and a range of participant characteristics, consistent with previous literature.
This suggests that the DGI-2013 continues to demonstrate convergent validity, consistent with the
original Dietary Guideline Index.
Keywords: diet quality; diet quality index; dietary guidelines; Australian; older adults; BMI
1. Introduction
The Dietary Guideline Index (DGI) [1] is a comprehensive food-based diet quality index that
reﬂects adherence to the Dietary Guidelines for Australian Adults [2,3]. It has been shown to have
an inverse relationship with daily fat and energy consumption and a positive relationship with
dietary ﬁber and important micronutrients such as vitamin C, folate, calcium, and iron [1]. A higher
Dietary Guideline Index score has been associated with reduced risk of Type 2 diabetes, hypertension
and obesity [4,5], and people with a higher score have demonstrated less weight gain over 15 years
compared to those with a lower score [6]. In 2013, the Australian National Health andMedical Research
Council released revised Australian Dietary Guidelines (ADG) [7] based on an updated review of the
scientiﬁc evidence [8]. A revision of the Dietary Guideline Index is necessary in order to capture key
changes to the guidelines in this measure of diet quality.
Increased longevity combined with the ageing of the baby boomers is leading to growth in
the proportion of older people worldwide [9]. Older adults are an understudied population in
nutrition, however, research suggests that poor diet quality among this population is associated with
reduced quality of life [10,11], increased cardiometabolic risk [4,12], and increased risk of mortality [13].
Nutrients 2016, 8, 160; doi:10.3390/nu8030160 www.mdpi.com/journal/nutrients
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RESEARCH Open Access
A comparison of the dietary patterns
derived by principal component analysis
and cluster analysis in older Australians
Maree G. Thorpe* , Catherine M. Milte, David Crawford and Sarah A. McNaughton
Abstract
Background: Despite increased use of dietary pattern methods in nutritional epidemiology, there have been few
direct comparisons of methods. Older adults are a particularly understudied population in the dietary pattern
literature. This study aimed to compare dietary patterns derived by principal component analysis (PCA) and cluster
analysis (CA) in older adults and to examine their associations with socio-demographic and health behaviours.
Methods: Men (n = 1888) and women (n = 2071) aged 55–65 years completed a 111-item food frequency
questionnaire in 2010. Food items were collapsed into 52 food groups and dietary patterns were determined
by PCA and CA. Associations between dietary patterns and participant characteristics were examined using Chi-square
analysis. The standardised PCA-derived dietary patterns were compared across the clusters using one-way ANOVA.
Results: PCA identified four dietary patterns in men and two dietary patterns in women. CA identified three
dietary patterns in both men and women. Men in cluster 1 (fruit, vegetables, wholegrains, fish and poultry)
scored higher on PCA factor 1 (vegetable dishes, fruit, fish and poultry) and factor 4 (vegetables) compared to
factor 2 (spreads, biscuits, cakes and confectionery) and factor 3 (red meat, processed meat, white-bread and
hot chips) (mean, 95 % CI; 0.92, 0.82–1.02 vs. 0.74, 0.63–0.84 vs. −0.43, −0.50– −0.35 vs. 0.60 0.46–0.74, respectively).
Women in cluster 1 (fruit, vegetables and fish) scored highest on PCA factor 1 (fruit, vegetables and fish) compared
to factor 2 (processed meat, hot chips cakes and confectionery) (1.05, 0.97–1.14 vs. −0.14, −0.21– −0.07, respectively).
Cluster 3 (small eaters) in both men and women had negative factor scores for all the identified PCA dietary patterns.
Those with dietary patterns characterised by higher consumption of red and processed meat and refined grains were
more likely to be Australian-born, have a lower level of education, a higher BMI, smoke and did not meet physical
activity recommendations (all P < 0.05).
Conclusions: PCA and CA identified comparable dietary patterns within older Australians. However, PCA may provide
some advantages compared to CA with respect to interpretability of the resulting dietary patterns. Older adults with
poor dietary patterns also displayed other negative lifestyle behaviours. Food-based dietary pattern methods may
inform dietary advice that is understood by the community.
Keywords: Principal component analysis, Cluster analysis, Dietary patterns, Comparison, Older adults, Retirement
* Correspondence: mgt@deakin.edu.au
Centre for Physical Activity and Nutrition Research, School of Exercise and
Nutrition Sciences, Deakin University, 221 Burwood Highway, Burwood, VIC
3125, Australia
© 2016 Thorpe et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Thorpe et al. International Journal of Behavioral Nutrition
and Physical Activity  (2016) 13:30 
DOI 10.1186/s12966-016-0353-2
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Appendix D: Tucker’s coefficient of congruence of principal component 
analysis (PCA)-derived dietary factors between sex 
This appendix describes the use of Tucker’s coefficient of congruence in Section 
4.3.2 to determine the similarity between the dietary factors identified by principal 
component analysis (PCA) in men and women. 
Tucker’s coefficient of congruence was used to indicate agreement between the 
PCA dietary patterns of men with those identified in women in 2010 (Lorenzo-
Seva & ten Berge, 2006; Wuensch, 2016). The coefficient of congruence was 
computed between the identified dietary factors by multiplying each loading of the 
factor in men by the corresponding loading in the women. The sum of these 
products was divided by the square root the sum of squared loadings in men 
multiplied by the sum of the squared loadings for women. For example: 
      
where a = loadings of factor in group 1 (e.g. men) and b=  = loadings of factor in group 2 (e.g. women) 
 
 
A congruence coefficient calculator was used to aid this computation (Stauner, 
2009). This comparison measure was first suggested by Burt (Burt, 1948) and 
become known as Tucker’s congruence coefficient (Tucker, 1951). It is 
recommended that this index is computed after Procrustes rotation, in which one of 
the factor loading matrices is transformed to fit the other (Lorenzo-Seva & ten 
Berge, 2006). Cut-points have been determined to interpret the coefficients;  <0.85 
not similar; 0.85-0.94 fair similarity; >0.95 good similarity (considered equal) 
(Lorenzo-Seva & ten Berge, 2006). 
The following table presents the coefficient of congruence for the four factors in 
men verses the two factors in women identified in the 2010 dietary data. The 
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shaded coefficients indicate the best-matched, most similar, factors, however, the 
coefficient of all combinations of comparisons were less then 0.85 indicating that 
factors are not similar. 
Table D-1: Tucker’s coefficient of congruence of PCA-derived dietary factors in 
men vs. women, 2010 
Women 
Men Factor 1 Factor 2 
Factor 1 0.72 -0.14 
Factor 2 0.20 0.57 
Factor 3 -0.14 0.60 
Factor 4 0.53 0.19 
All values are coefficient of congruence; <0.85 not similar; 0.85-0.94 fair similarity; >0.95 good similarity (considered 
equal) 
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Appendix E: The 2013 Revised Dietary Guideline Index components and scoring 
 method 
This table details the component of the 2013 Revised Dietary Guideline Index used 
to compute the overall score, suitable for use in all adults and discussed in Section 
4.3.4. 
Table E-1: List of items included in each component of the 2013 Revised Dietary Guideline 
Index and scoring criteria for all adults 
Component indicators 
and their description 
Food items from the food frequency questionnaire and the 
behavioural question used to compute component Criteria for max score
 
(10)1 
Criteria for 
min score 
(0) 
1. Variety 2 
Proportion of 
food from each 
of the 5 core 
food groups 
eaten at least 
one serve per 
week 
 
Fruit: apple or pear; orange/mandarin or grapefruit; bananas; 
peach/nectarine, plum or apricot; mango or paw paw; pineapple; 
grapes; melon (eg. Watermelon, rockmelon, honeydew melon); 
strawberries or other berries; dried fruit 
 
Vegetables: vegetables in a green/mixed salad (including lettuce, 
tomato etc) in a sandwich; vegetables as a side salad/with a main 
meal; stir-fried or mixed vegetables; vegetable casserole 
Potato (boiled, mashed, baked); hot chips, roast potatoes or potato 
wedges; pumpkin; sweet potato;  
Peas; green beans; silverbeet, spinach;  
Broccoli; cauliflower; brussels sprouts, cabbage or coleslaw; carrots; 
zucchini, eggplant or squash; capsicum; sweetcorn, corn on the cob; 
mushrooms; tomato; lettuce; celery or cucumber; onion or leeks 
 
Dairy: milk (flavoured milk drinks; milk as drink; milk on breakfast 
cereals; soy beverages); yoghurt; cottage or ricotta cheese; cheddar 
and other cheeses 
 
Cereals: bread (White breads, toast or rolls; wholemeal, mixed grain 
bread, toast or roll); english muffin, bagel or crumpet; muesli; 
cooked porridge; breakfast cereal; rice (white  or brown); pasta 
(including filed), noodles 
 
Meat and alternatives: mince dishes (e.g. Rissoles, meatloaf); mixed 
dishes with beef, veal, lamb, pork (e.g. Casserole, stir-fry); beef, veal 
(roast, chop or steak); lamb (roast, chop or steak); mixed dishes with 
pork (e.g. Casserole, stirfry); pork (roast, chop or steak); mixed 
dishes with chicken, turkey, duck (e.g. Casserole, stirfry); chicken, 
turkey, duck (roast, steamed, bbq); canned fish (e.g. Tuna, salmon, 
sardines); fish (steamed, baked, grilled); other seafood (e.g. Prawns, 
squid); eggs; peanuts, peanut butter, other nut spreads; other nuts 
(e.g. Almonds, walnuts); seeds (e.g. Sunflower, tahini); soybeans or 
tofu; Baked beans; other beans (e.g. Chichpeas) or lentils 
100% 0 
2. Vegetable 
Serves per day
  
“About how many serves of vegetables do you usually eat per day?” 
8 responses: I don’t eat vegetables – 6 serves or more/day 
19-50y: M≥6, F≥5 
51-70y: M≥5.5, F≥5 
70y+: M≥5, F≥5 
0 
 
3. Fruit 
Serves per day 
“About how many serves of fruit do you usually eat per day?” 
8 responses: I don’t eat fruit – 6 serves or more/day 
≥ 2 0 
4a. Grain and cereal 
Serves per day 
White breads, toast or rolls; wholemeal, mixed grain bread, toast or 
roll; English muffin, bagel or crumpet; muesli; cooked porridge; 
breakfast cereal; rice (white or brown); pasta (including filed), 
noodles 
19-50y: M≥6, F≥6 
51-70y: M≥6, F≥4 
70y+: M≥4.5, F≥3 
0 
 
4b. Wholegrain 
bread 
“What type of bread do you usually eat?” 
7 responses: I don’t eat bread; high fibre white bread; white bread; 
wholemeal bread; rye bread; multigrain bread; other bread 
Wholemeal White bread 
5a. Meat an 
alternatives 
Serves per day 
Mince dishes (e.g. Rissoles, meatloaf); mixed dishes with beef, veal, 
lamb, pork (e.g. Casserole, stir-fry); beef, veal (roast, chop or steak); 
lamb (roast, chop or steak); mixed dishes with pork (e.g. Casserole, 
stirfry); pork (roast, chop or steak); mixed dishes with chicken, 
turkey, duck (e.g. Casserole, stirfry); chicken, turkey, duck (roast, 
steamed, bbq); canned fish (e.g. Tuna, salmon, sardines); fish 
(steamed, baked, grilled); other seafood (e.g. Prawns, squid); eggs; 
peanuts, peanut butter, other nut spreads; other nuts (e.g. Almonds, 
walnuts); seeds (e.g. Sunflower, tahini); soybeans or tofu; Baked 
beans; other beans (e.g. Chichpeas)/lentils 
19-50y: M≥3, F≥2.5 
51-70y: M≥2.5, F≥2 
70y+: M≥2.5, F≥2 
0 
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Table E-1: List of items included in each component of the 2013 Revised Dietary Guideline 
Index and scoring criteria for all adults (continued) 
Component indicators 
and their description 
Food items from the food frequency questionnaire and the 
behavioural question used to compute component Criteria for max score
 
(10)1 
Criteria 
for min 
score (0) 
5b. Lean meat or 
alternative 
Proportion of 
lean mean or 
alternatives to 
total meat (incl. 
processed meat) 
Lean meat: See meat and alternatives in component 5a. 
 
Processed meat: Sausage, frankfurter; bacon; ham; luncheon meats, 
salami; fried or battered fish 
100% 0% 
6. Dairy and 
alternatives3 
Serves per day 
Flavoured milk drinks (e.g. Milkshakes, iced coffee, hot chocolate); 
milk as drink; milk on breakfast cereals; yoghurt (plain or flavoured); 
cottage or ricotta cheese; cheddar and other cheeses; soy beverages 
19-50y: M≥2.5, F≥2.5 
51-70y: M≥2.5, F≥4 
70y+: M≥3.5, F≥4 
0 
7a. Beverage4 
Serves per day 
Milk as drink; milk on breakfast cereals; fruit juice (100% juice); 
vegetable, tomato juice; low-joule cordial; low-joule soft drink; 
water; coffee; tea; soy beverages 
19-50y: M≤10, F≤8 
51-70y: M≤10, F≤8 
70y+: M≤10, F≤8 
0 
7b. Water 
Proportion of 
water to total 
beverage intake 
Water / Beverage (as above) ≥ 50% 0% 
8. Discretionary 
food 
Serves per day 
Flavoured milk drinks (e.g. Milkshakes, iced coffee, hot chocolate); 
cream or sour cream; ice cream; sausage, frankfurter; bacon; ham; 
luncheon meats, salami; fried or battered fish; cakes, sweet muffins, 
scones or pikelets; sweet pies or sweet pastries; other puddings or 
desserts; plain sweet biscuits; cream, chocolate biscuits; meat pies, 
sausage roll or other savoury pastries; pizza; hamburger; chocolate 
(including chocolate bats e.g. Mars bars); other confectionary (e.g. 
Sweets or lollies); jam, marmalade, honey or syrups; potato chips, 
corn chips, twisties etc; mayonnaise, or other creamy dressing; 
margarine; butter;  
Fruit juice drink or fruit drink; cordial; soft drink (inc flavoured 
mineral water); beer (low alcohol); beer (ordinary);  
White wine or champagne, sparkling wine; red wine; wine cooler; 
sherry, port, fortified wines; spirits, liqueurs; hot chips, roast potato 
or potato wedges 
19-50y: M≤3, F≤2.5 
51-70y: M≤3, F≤2.5 
70y+: M≤3, F≤2.5 
M>3 
F>2.5 
9a. Trim meat “About how often is the meat you eat trimmed of fat either before or 
after cooking?” 
I don’t eat meat; never; rarely; sometimes; usually; always 
Usually Never or 
rarely 
 
9b. Reduced-fat 
dairy 
What type of milk do you usually drink? 
I don’t drink milk; whole; skim; low/reduced fat; soy; don’t know 
Skim, low or reduced fat 
milk 
Whole 
milk 
10. Unsaturated fats 
Serves per day 
Unsaturated fats: peanuts, peanut butter, other nut spreads; other nuts 
(e.g. Almonds, walnuts); seeds (e.g. Sunflower, tahini); margarine on 
bread or cooked vegetables 
19-50y: M≤4, F≤2 
51-70y: M≤4, F≤2 
70y+: M≤2, F≤2 
M>4 
F>2 
11
a. 
Limit salt 
After cooking 
How often do you add salt to your food after it is cooked? 
Never/rarely; sometimes; usually; don’t know 
Never or rarely Usually 
11
b. 
Limit salt 
During cooking  
How often do you add salt to your food during cooking? 
Never/rarely; sometimes; usually; don’t know 
Never or rarely Usually 
12. Extra sugar5 
Serves per day 
Chocolate (including chocolate bats e.g. Mars bars); other 
confectionary (e.g. Sweets or lollies); jam, marmalade, honey or 
syrups; fruit juice drink or fruit drink; cordial; soft drink (inc 
flavoured mineral water) 
19-50y: M≤2.5, F≤1.25 
51-70y: M≤2.5, F≤1.25 
70y+: M≤2.5, F≤1.25 
M>1.5 
F>1.25 
13. Alcohol 
Serves per day 
Beer (low alcohol); beer (ordinary); white wine or champagne, 
sparkling wine; red wine; wine cooler; sherry, port, fortified wines; 
spirits, liqueurs 
≤ 2 > 2 
1. Criteria for maximum score were derived from the Australian Dietary Guidelines (National Health and Medical 
Research Council, 2013b) unless otherwise noted. The total score of components with 2 sub-components (4,5, 7, 9 and 
11) is 10, e.g. 5 point each. Intakes between the maximum and minimum score are assigned scores proportionately. 
Abbreviations: y-years; M-male; F-female. 
2. Diet variety was based on the Recommended Food Score (Kant et al., 2000). 
3. The recommendation to choose reduced fat dairy is captured in the ‘limit saturated fat’ component. 
4. The beverage consumption cut-off was based on Nutrient Reference Values for Australia and New Zealand (National 
Health and Medical Research Council, 2006) and the proportion of water to total beverage intake was derived from US 
Beverage Guidelines (Popkin et al., 2006). 
5. There are no recommended serves for extra sugar instead half of the maximum discretionary food cut-off were used. 
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Appendix F: Factor loading matrix of principal components dietary patterns 
derived by principal component analysis at three time points 
This appendix includes the full factor loading matrix for factors determined by 
principal component analysis at three time points, 2010 (discussed in Chapter 4), 
2012 and 2014 (discussed in Chapter 5) in men (Table F-1) and women (Table F-
2). 
Table F-1:  Factor loadings for dietary patterns derived by principal component 
analysis at three time points in men of the Wellbeing Eating and 
Exercise for a Long Life Study 
 2010 Factors (n=1,888) 
 2012 Factors 
(n=1,269) 
 2014 Factors 
(n=1,183) 
1 2 3 4  1 2 3 4  1 2 
Eigenvalues 4.39 3.22 2.22 2.01  4.14 3.68 2.17 1.99  4.2 3.28 
Variance explained 5.8% 5.7% 5.6% 5.6%  7.0% 5.7% 5.3% 5.1%  7.8% 6.6% 
Vegetables and fruit   
Vegetable dishes 0.31 -0.01 0.03 0.13  -0.04 0.32 0.15 0.00  0.32 -0.01 
Dark green and cruciferous vegetables 0.07 -0.04 -0.02 0.44  -0.04 0.06 0.42 0.00  0.26 0.01 
Orange vegetables -0.04 0.02 -0.04 0.50  -0.02 -0.07 0.50 0.05  0.25 0.08 
Salad vegetables  0.28 0.01 -0.01 0.20  -0.06 0.28 0.20 0.00  0.31 -0.05 
Potato -0.21 0.07 0.10 0.36  0.15 -0.18 0.31 -0.01  0.07 0.21 
Other vegetables 0.13 -0.05 0.03 0.44  0.01 0.12 0.46 -0.05  0.31 0.08 
Legumes/beans 0.22 -0.01 0.01 0.06  -0.05 0.26 0.02 0.03  0.20 -0.09 
Fruit 0.22 0.12 -0.09 0.13  -0.04 0.15 0.14 0.22  0.28 -0.02 
Dried fruit 0.16 0.17 -0.08 -0.02  -0.03 0.09 0.02 0.22  0.19 -0.07 
Nuts and/or seeds 0.19 0.17 -0.10 -0.05  0.02 0.18 0.01 0.25  0.20 0.00 
Cereal             
White bread -0.10 0.09 0.25 0.04  0.25 -0.07 0.00 -0.09  -0.09 0.22 
Wholegrain bread 0.06 0.26 -0.14 0.01  0.04 0.01 0.02 0.26  0.15 0.03 
Savoury crackers 0.03 0.23 -0.04 0.01  0.14 0.04 -0.06 0.16  0.13 0.10 
Muesli or cooked porridge 0.10 0.19 -0.20 0.02  -0.05 0.00 0.02 0.33  0.18 -0.06 
Breakfast cereal -0.11 0.22 -0.08 0.09  0.09 -0.18 0.02 0.23  0.02 0.10 
Rice 0.24 -0.06 -0.02 -0.05  0.02 0.27 -0.15 0.04  0.14 -0.05 
Pasta 0.19 0.06 0.04 -0.10  0.09 0.26 -0.16 0.05  0.12 0.03 
Meat             
Red meat 0.03 -0.01 0.28 0.12  0.19 0.08 0.10 -0.18  0.05 0.19 
Processed or cured meat 0.03 0.04 0.29 0.01  0.25 0.05 0.03 -0.13  0.01 0.29 
Poultry 0.20 -0.02 0.12 0.01  0.10 0.15 0.01 -0.03  0.12 0.10 
Fish and other seafood 0.31 -0.05 0.01 0.00  -0.04 0.26 0.06 0.02  0.21 -0.05 
Fried or battered fish 0.15 -0.01 0.25 -0.01  0.12 0.10 0.02 -0.13  0.04 0.16 
Eggs 0.13 0.00 0.18 0.03  0.13 0.19 0.01 -0.07  0.10 0.10 
Dairy             
Flavoured milk drinks -0.06 0.09 0.11 -0.03  0.09 -0.01 0.00 -0.01  0.00 0.14 
Whole Milk -0.10 0.12 0.13 0.01  0.16 -0.06 0.01 0.01  0.00 0.15 
reduced fat milk -0.02 0.19 -0.22 0.02  -0.02 -0.09 -0.01 0.28  0.08 0.01 
Cream -0.02 0.08 0.09 -0.01  0.13 0.02 0.02 -0.04  0.00 0.18 
Ice-cream -0.10 0.20 0.06 0.05  0.18 -0.07 0.16 0.01  -0.03 0.21 
Yoghurt 0.13 0.20 -0.15 0.00  -0.01 0.09 -0.02 0.31  0.17 -0.08 
Cottage or ricotta cheese 0.22 0.01 0.02 -0.06  0.05 0.16 -0.10 0.09  0.11 -0.02 
Cheddar cheese 0.06 0.22 0.08 -0.04  0.15 0.11 -0.04 0.05  0.09 0.13 
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Table F-1:  Factor loadings for dietary patterns derived by principal component 
analysis at three time points in men of the Wellbeing Eating and 
Exercise for a Long Life Study (continued) 
 2010 Factors (n=1,888) 
 2012 Factors 
(n=1,269) 
 2014 Factors 
(n=1,183) 
1 2 3 4  1 2 3 4  1 2 
Other             
Water 0.12 0.08 -0.04 0.05  -0.02 0.12 0.04 0.16  0.16 -0.05 
Coffee 0.06 -0.03 0.13 -0.08  0.10 0.11 -0.11 -0.07  -0.03 0.04 
Tea -0.07 0.20 -0.11 0.09  0.04 -0.10 0.08 0.15  0.07 0.03 
Fruit or vegetable juice 0.09 0.08 0.05 0.01  0.05 0.08 -0.01 0.04  0.08 0.07 
High-joule drinks -0.05 0.08 0.23 0.00  0.24 -0.06 0.05 -0.02  -0.07 0.27 
Low-joule drink 0.01 0.00 0.06 -0.01  0.07 0.00 -0.04 0.06  -0.01 0.08 
Beer -0.03 -0.13 0.19 0.07  0.05 0.03 0.05 -0.23  -0.05 0.08 
Wine  0.18 -0.04 0.02 -0.10  -0.02 0.20 -0.06 -0.08  0.10 -0.05 
Spirits and liqueurs 0.06 -0.02 0.13 -0.07  0.06 0.09 0.00 -0.07  0.02 0.00 
Cakes, pastries or desserts -0.02 0.27 0.09 -0.01  0.21 0.00 0.00 0.18  0.07 0.25 
Sweet biscuits -0.03 0.28 0.10 -0.08  0.30 -0.05 -0.07 0.18  0.00 0.27 
Chocolate or confectionary 0.00 0.23 0.16 -0.08  0.28 0.05 -0.05 0.11  0.08 0.22 
Meat pie or sausage rolls -0.05 0.02 0.17 -0.01  0.27 -0.06 -0.04 -0.01  -0.06 0.17 
Pizza and/or Hamburger 0.07 -0.02 0.28 -0.06  0.23 0.07 -0.09 -0.08  -0.02 0.19 
Spreads and preserves -0.01 0.34 0.00 0.00  0.18 -0.05 0.03 0.26  0.11 0.15 
Potato chips etc 0.02 0.08 0.19 -0.07  0.22 0.05 -0.07 -0.06  -0.05 0.19 
Oil and vinegar salad dressing 0.31 0.01 0.08 -0.05  0.02 0.32 -0.02 -0.01  0.18 -0.05 
Creamy salad dressing 0.09 0.08 0.13 0.02  0.12 0.13 0.07 -0.02  0.12 0.09 
Margarine -0.11 0.24 0.08 0.00  0.19 -0.10 0.04 0.11  0.03 0.17 
Butter 0.00 0.15 0.15 -0.04  0.12 0.00 0.14 -0.05  0.01 0.20 
Hot chips, roast potato or wedges -0.10 0.00 0.20 0.20  0.24 -0.03 0.06 -0.13  -0.08 0.25 
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Table F-2: Factor loadings for dietary patterns derived by principal component 
analysis at three time points in women of the Wellbeing Eating and 
Exercise for a Long Life Study 
 2010 Factors 
(n=2,071) 
 2012 Factors 
(n=1,428) 
 2014 Factors 
(n=1,309) 
 1 2  1 2  1 2 
Eigenvalues 4.19 3.26  4.22 3.33  3.93 3.19 
Variance explained 7.8% 6.5%  8.1% 6.4%  7.6% 6.2% 
Vegetables and fruit        
Vegetable dishes 0.29 -0.05  0.32 -0.05  0.33 -0.02 
Other vegetables 0.34 0.06  0.34 0.05  0.36 0.07 
Salad vegetables  0.34 -0.03  0.32 -0.04  0.33 -0.05 
Dark green and cruciferous vegetables 0.29 0.04  0.29 0.01  0.31 0.04 
Orange vegetables 0.25 0.16  0.27 0.07  0.27 0.12 
Potato -0.01 0.21  -0.02 0.22  0.00 0.28 
Legumes/beans 0.23 -0.06  0.21 -0.10  0.22 -0.08 
Fruit 0.26 -0.05  0.27 -0.03  0.28 -0.05 
Dried fruit 0.15 -0.06  0.16 -0.02  0.13 0.01 
Nuts and/or seeds 0.23 -0.02  0.24 -0.01  0.22 -0.08 
Cereal         
White bread -0.12 0.18  -0.04 0.23  -0.07 0.18 
Wholegrain bread 0.11 0.10  0.12 0.11  0.10 0.10 
Savoury crackers 0.07 0.17  0.04 0.14  0.07 0.10 
Muesli or cooked porridge 0.17 -0.09  0.14 -0.07  0.12 -0.07 
Breakfast cereal 0.04 0.14  0.04 0.15  0.00 0.07 
Rice 0.12 -0.02  0.12 0.01  0.06 -0.01 
Pasta 0.11 0.15  0.12 0.09  0.09 0.10 
Meat         
Red meat 0.03 0.19  0.10 0.17  0.08 0.25 
Processed or cured meat 0.01 0.26  0.02 0.25  0.00 0.29 
Poultry 0.09 0.06  0.12 0.06  0.14 0.08 
Fish and other seafood 0.25 0.04  0.20 -0.05  0.21 -0.05 
Fried or battered fish 0.05 0.12  0.02 0.16  0.02 0.14 
Eggs 0.15 0.17  0.15 0.08  0.13 0.01 
Dairy         
Flavoured milk drinks 0.00 0.11  0.00 0.05  -0.03 0.05 
Whole Milk -0.04 0.09  0.04 0.10  -0.02 0.02 
reduced fat milk 0.06 0.03  0.05 0.02  0.03 0.01 
Cream 0.00 0.11  0.00 0.11  -0.02 0.20 
Ice-cream 0.03 0.18  -0.01 0.19  0.03 0.22 
Yoghurt 0.16 -0.08  0.15 -0.03  0.14 -0.08 
Cottage or ricotta cheese 0.17 -0.07  0.15 -0.06  0.12 -0.05 
Cheddar cheese 0.05 0.15  0.11 0.19  0.06 0.11 
Other         
Water 0.15 -0.04  0.16 -0.03  0.16 -0.05 
Coffee 0.00 0.05  -0.03 0.03  -0.01 0.04 
Tea 0.02 0.07  0.05 0.06  0.05 0.06 
Fruit or vegetable juice 0.04 0.05  0.01 0.07  0.02 0.08 
High-joule drinks -0.03 0.23  -0.06 0.19  -0.05 0.18 
Low-joule drink -0.02 0.11  -0.04 0.10  -0.03 0.08 
Beer -0.02 0.00  -0.01 0.00  0.06 0.05 
Wine  0.03 0.01  0.02 -0.01  0.03 -0.01 
Spirits and liqueurs -0.02 0.05  -0.03 0.04  -0.05 0.04 
Cakes, pastries or desserts 0.02 0.27  0.02 0.26  0.00 0.25 
Sweet biscuits -0.02 0.25  -0.03 0.26  -0.04 0.20 
Chocolate or confectionary 0.00 0.23  -0.02 0.17  -0.04 0.15 
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Table F-2:  Factor loadings for dietary patterns derived by principal component 
analysis at three time points in women of the Wellbeing Eating and 
Exercise for a Long Life Study (continued) 
 2010 Factors 
(n=2,071) 
 2012 Factors 
(n=1,428) 
 2014 Factors 
(n=1,309) 
 1 2  1 2  1 2 
Meat pie or sausage rolls -0.08 0.22  -0.07 0.28  -0.05 0.29 
Pizza and/or Hamburger -0.02 0.17  0.02 0.17  0.00 0.09 
Spreads and preserves 0.03 0.18  0.05 0.24  0.07 0.18 
Potato chips etc -0.03 0.16  -0.04 0.20  0.01 0.20 
Oil and vinegar salad dressing 0.18 -0.03  0.22 -0.02  0.23 -0.03 
Creamy salad dressing 0.09 0.14  0.11 0.15  0.10 0.17 
Margarine -0.06 0.20  -0.01 0.25  -0.02 0.20 
Butter -0.02 0.15  0.01 0.16  0.03 0.16 
Hot chips, roast potato or wedges -0.01 0.23  -0.05 0.20  -0.01 0.28 
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Appendix G: Cluster analysis stopping rules 
The following describes the process used to determine the number of clusters 
found in the data from the Wellbeing Eating and Exercise for a Long Life study 
throughout thesis. 
Distinct clustering in cluster analysis is characterised by large Calinski–Harabasz 
pseudo-F values, large Duda–Hart Je(2)/Je(1) values, and small Duda–Hart 
pseudo-T-squared values (StataCorp, 2013). The Ward’s hierarchical clustering 
technique was employed to initially explore the data and the outcome was assessed 
using the Duda–Hart stopping rule (Duda & Hart, 1973) (Table G-1). The number 
of clusters based on the Duda–Hart stopping-rule is determined by finding the 
largest Je(2)/Je(1) values that corresponds to a low pseudo-T-squared value, which 
also has much larger T-squared values adjacent to it (StataCorp, 2013). No clear 
cluster solution has become obvious, however, the best solutions according to these 
rule values have been highlighted in bold in the table.  
Table G-1:  Results of Ward’s hierarchical clustering method considering 
Duda–Hart stopping rule 
Men Women 
 Duda–Hart  Duda–Hart 
Cluster 
solution 
Je(2)/Je(1) Pseudo T-
squared 
Number of 
clusters 
Je(2)/Je(1) Pseudo T-
squared 
2 0.96 29.47 2 0.96 87.16 
3 0.96 29.35 3 0.13 6.96 
4 0.95 57.13 4 0.96 80.22 
5 0.97 21.82 5 0.96 76.55 
6 0.97 22.26 6 0.94 42.01 
7 0.97 19.29 7 0.94 41.38 
8 0.83 18.68 8 0.80 45.60 
 
The range of cluster usually found in previous nutrition literature (2-8) was 
considered (Newby et al., 2004), and, K-means cluster analysis was run for 2-8 
clusters for men and women separately to determine the best outcome using 
Calinski–Harabasz stopping rule (Calinski and Harabasz, 1974). The pseudo F 
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statistic describes the ratio of between-cluster variance to within cluster variance 
(Calinski and Harabasz, 1974). Large values of Pseudo F indicate greater cluster 
separation. Table G2 presents the characteristics of clusters from each cluster 
solution and includes the Calinski–Harabasz pseudo F value. Generally, there is a 
clear highest Pseudo F value, with a u-shaped trend, however this is not obvious in 
this data. All the clusters solutions of >3 clusters had a group with a low proportion 
of participants (<10%) and therefore were not suitable outcomes. 
Table G-2:  K-means cluster analysis of men and women from the Wellbeing 
Eating Exercise for a Long Life study with Calinski–Harabasz 
pseudo-F statistic 
Men Women 
Cluster 
solution 
Cluster 
number n (%) 
calinski–
Harabasz 
pseudo-F 
Cluster 
solution 
Cluster 
number n (%) 
calinski–
Harabasz 
pseudo-F 
2 1  
2 
609  
1279  
(32) 
(67) 
90.91 2 1 
2 
1414 
657 
(68) 
(32) 
117.40 
3 1 
2 
3 
474  
343  
1071  
(25) 
(18)  
(57) 
76.59 3 1 
2 
3 
1137 
525 
409 
(55) 
(25) 
(20) 
87.76 
4 1 
2 
3 
4 
293  
547  
969  
79  
(16) 
(29) 
(51) 
(4) 
67.21 4 1 
2 
3 
4 
1132 
528 
409 
2 
(55) 
(25) 
(20) 
(<1) 
63.55 
5 1 
2 
3 
4 
5 
260  
290  
465  
81  
792  
(14) 
(15) 
(25) 
(4) 
(42) 
56.88 5 1 
2 
3 
4 
5 
986 
562 
406 
2 
115 
(47) 
(27) 
(20) 
(<1) 
(5) 
56.92 
6 1 
2 
3 
4 
5 
6 
191 
494 
193 
149 
107 
754 
(10) 
(26) 
(10) 
(8) 
(6) 
(40) 
50.99 6 1 
2 
3 
4 
5 
6 
910 
556 
391 
2 
5 
207 
(44) 
(27) 
(19) 
(<1) 
(<1) 
(10) 
59.72 
7 1 
2 
3 
4 
5 
6 
7 
84 
387 
349 
138 
110 
804 
16 
(4) 
(21) 
(18) 
(7) 
(6) 
(43) 
(1) 
48.16 7 1 
2 
3 
4 
5 
6 
7 
835 
606 
377 
2 
5 
199 
47 
(40) 
(29) 
(18) 
(<1) 
(<1) 
(9) 
(2) 
56.11 
8 1 
2 
3 
4 
5 
6 
7 
8 
106 
182 
360 
73 
68 
381 
12 
706 
(6) 
(10) 
(19) 
(4) 
(4) 
(20) 
(1) 
(37) 
45.28 8 1 
2 
3 
4 
5 
6 
7 
8 
885 
436 
342 
2 
140 
242 
48 
6 
(41) 
(21) 
(17) 
(<1) 
(7) 
(12) 
(2) 
(<1) 
51.01 
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Given the results from both the Duda–Hart and Calinski–Harabasz stopping rules, 
the characteristics of cluster solutions 2, 3 and 4 were investigated further for both 
men and women. The 2 cluster solution for both men and women were not 
meaningful, with the majority of food group frequencies higher in one cluster than 
the other. The 4 cluster solution had three patterns similar to the patterns identified 
in the 3 cluster solution with the addition of a smaller cluster made up of only 
<10% of the sample that resembling a high alcohol cluster in men (whom had ~5 
times more beer than the other clusters) and a poultry, chocolate, water and fruit 
cluster in women. Due to the limited power of the cluster with <10% of the sample, 
the 3 cluster solution was chosen as the most suitable dietary pattern clustering for 
this sample.  
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Appendix H: Figures comparing the 2013 Revised Dietary Guideline Index 
component scores by dietary clusters 
These figures outline the comparison of the 2013 revised Dietary Guidelines Index 
component scores by clusters identified by cluster analysis in men (Figure H-1) 
and women (Figure H-2) as discussed in Section 4.5. 
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0 2 4 6 8 10 
1. Diet Variety 
2. Vegetables 
3. Fruit 
4. Grain (cereal) 
5. Meat and alternatives 
6. Dairy and alternatives 
7. Beverages 
8. Limit discretionary food 
9. Limit saturated fat 
10. Moderate unsaturated fat 
11. Limit added salt 
12. Limit added sugars 
13. Limit alcohol 
Figure H-1: Mean (95% CI) Revised Dietary Guideline Index 
component score across dietary clusters in men, Wellbeing Eating and 
Exercise for a Long Life study, 2010  
Cluster 1: 
Fruit, vegetables, nuts, 
legumes, wholegrains, fish & 
poultry 
Cluster 2: 
Whitebread, flavoured drinks, 
red and processed meat, 
cakes, pastries & 
confectionary 
Cluster 3: 
Small eaters 
a, b & c Different letter indicates significant difference between clusters tested with ANOVA with bonferroni post hoc P<0.05.  
a
b
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b
b
b
a
a
b
b
a
b
c
a
b
c
a
b
c
a
b
c
a
b
c
a
b
b
a
b
c
a
b
c
a
b
a
Appendix 
357 
 
 
0 2 4 6 8 10 
1. Diet Variety 
2. Vegetables 
3. Fruit 
4. Grain (cereal) 
5. Meat and alternatives 
6. Dairy and alternatives 
7. Beverages 
8. Limit discretionary food 
9. Limit saturated fat 
10. Moderate unsaturated 
fat 
11. Limit added salt 
12. Limit added sugars 
13. Limit alcohol 
Figure H-2: Mean (95% CI) Revised Dietary Guideline Index 
component score across dietary clusters in women, Wellbeing Eating 
and Exercise for a Long Life study, 2010  
Cluster 1: 
Fruit, vegetables, 
nuts, legumes & fish 
Cluster 2: 
Red and processed 
meat, whitebread, 
flavoured drinks, 
cakes, pastries & 
confectionary 
Cluster 3: 
Small Eaters 
a, b & c Different letter indicates significant difference between clusters tested with ANOVA with bonferroni post hoc P<0.05.  
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Appendix I: Coefficients of congruence comparing dietary patterns determined 
by principal component analysis patterns over time 
Tucker’s coefficient of congruence was used to determine the similarity between 
the dietary patterns identified at three separate time points (Chapter 5, Section 
5.4.2). The tables below show a cross-tabulation of the congruence coefficient for 
dietary patterns determined in 2010, 2012 and 2014 in men (Table J-1) and women 
(Table J-2). 
 
  
Table J-1: Cross tabulation of coefficients of congruence for the dietary factors 
   derived by principal component analysis across three 
time points in men    of the Wellbeing Eating and 
Exercise for a Long Life study1 
 2012 dietary factors  2014 dietary factors 
 Factor 1 Factor 2 Factor 3 Factor 4  Factor 1 Factor 2 
2010 dietary factors 2        
Factor 1 Vegetable dishes, fruit, 
fish & poultry -0.01 0.96 0.03 0.18  0.66 -0.21 
Factor 2 Spreads, biscuits, cakes & 
confectionary 0.56 -0.06 0.06 0.95  0.35 0.53 
Factor 3 Red or processed meat, 
white bread, fried fish & hot chips 0.93 0.17 0.03 -0.56  0.13 0.72 
Factor 4 Vegetables 0.00 
 -0.02 0.93 -0.003  0.50 0.17 
2012 dietary factors        
Factor 1  
     0.03 0.92 
Factor 2  
     0.54 -0.11 
Factor 3  
     0.53 0.20 
Factor 4  
     0.48 -0.06 
1. The shaded values indicate the highest level of agreement. Coefficient of congruence <0.85 not similar; 0.85-0.94 fair 
similarity; >0.95 good similarity (Lorenzo-Seva, 2006). 
2. The 2010 dietary factors were  described in Chapter 4 (Section 4.4.2). 
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Table J-2: Cross tabulation of coefficients of congruence for the dietary 
patterns derived by principal component analysis across three time 
points in women of the Wellbeing Eating and Exercise for a Long 
Life study1 
 2012 dietary factors  2014 dietary factors 
 Factor 1 Factor 2  Factor 1 Factor 2 
2010 dietary factors2      
Factor 1 Vegetables, fruit, & fish 
 0.96 0.05  0.96 0.05 
Factor 2 Cakes, processed meat, hot chips & 
confectionary -0.05 0.95  -0.06 0.90 
2012 dietary factors      
Factor 1 
    0.97 -0.02 
Factor 2 
    0.04 0.95 
1. The shaded values indicate the highest level of agreement. Coefficient of congruence <0.85 not similar; 0.85-0.94 fair 
similarity; >0.95 good similarity (Lorenzo-Seva, 2006). 
2. The 2010 dietary factors were described in Chapter 4 (Section 4.4.2). 
  A
ppendix J: 
M
ean daily food group frequencies of key food groups for dietary factors across the three tim
e points 
Food group frequencies across three tim
e points w
ere explored to identify food groups that w
ere driving change in PC
A
 score (Section 5.4.2). 
Table K
-1:  
M
ean daily food group frequencies of W
ellbeing Eating and Exercise for a Long Life study participants in 2010, 2012 and 2014 and 
change over four years 1 
M
en (n=1005) 
 
W
om
en (n=1106) 
 
2010 
2012 
2014 
C
hange in 
m
ean 
2010 vs. 
2014 
 
 
2010 
2012 
2014 
C
hange in 
m
ean 
2010 vs. 
2014 
Factor 1 V
egetable dishes, fruit, fish &
 poultry 
 
 
 
Factor 1 V
egetables, fruit, &
 fish 
 
 
 
 
 
M
ean frequency ± standard deviation  
 
 
 
M
ean frequency ± standard deviation 
 
V
egetable dishes 
1.3 ± 1.0 
1.0 ± 0.8 
1.0 ± 0.8 
-0.30 
 
O
ther vegetables 
1.7 ± 1.0 
1.7 ± 1.0 
1.7 ± 1.1 
-0.05 
Fish and other seafood 
0.3 ± 0.4 
0.3 ± 0.3 
0.3 ± 0.3 
-0.02 
 
Salad vegetables 
2.0 ± 1.4 
1.9 ± 1.3 
1.9 ± 1.4 
-0.04 
O
il and vinegar salad dressing 
0.2 ± 0.3 
0.2 ± 0.3 
0.2 ± 0.3 
+0.01 
 
V
egetable dishes 
1.6 ± 1.2 
1.3 ± 1.0 
1.3 ± 1.1 
-0.36 
Salad vegetables 
1.5 ± 1.1 
1.4 ± 1.0 
1.4 ± 1.0 
-0.05 
 
D
ark green &
 cruciferous veg 
1.0 ± 0.8 
1.0 ± 0.8 
1.0 ± 0.9 
0 
R
ice 
0.2 ± 0.3 
0.2 ± 0.3 
0.2 ± 0.3 
-0.02 
 
Fruit 
2.6 ± 1.9 
2.7 ± 1.9 
2.6 ± 2.0 
-0.01 
Legum
es or beans 
0.2 ± 0.4 
0.2 ± 0.2 
0.1 ± 0.2 
-0.03 
 
Fish and other seafood 
0.4 ± 0.5 
0.4 ± 0.4 
0.4 ± 0.4 
-0.03 
C
ottage or ricotta cheese 
0.04 ± 0.1 
0.05 ± 0.2 
0.05 ± 0.2 
+0.01 
 
O
range vegetables 
1.0 ± 0.6 
1.0 ± 0.8 
1.0 ± 0.8 
0.05 
Fruit 
2.1 ± 2.0 
2.0 ± 1.6 
2.1 ± 0.2 
-0.03 
 
Legum
es or beans 
0.2 ± 0.3 
0.2 ± 0.3 
0.2 ± 0.4 
0 
Poultry 
0.2 ± 0.2 
0.2 ± 0.2 
0.2 ± 0.2 
-0.02 
 
N
uts or seeds 
0.6 ± 0.8 
0.7 ± 0.9 
0.7 ± 0.9 
+0.13 
Potato 
0.4 ± 0.4 
0.4 ± 0.3 
0.4 ± 0.5 
0 
 
 
 
 
 
 
Total 
 
 
 
-0.45 
 
Total 
 
 
 
-0.31 
Factor 3 R
ed or processed m
eat, w
hite bread, fried fish &
 hot chips 
 
 
Factor 2 C
akes, processed m
eat, hot chips &
 confectionary 
 
 
M
ean frequency ± standard deviation  
 
 
 
M
ean frequency ± standard deviation 
 
Processed or cured m
eat 
0.4 ± 0.4 
0.4 ± 0.4 
0.4 ± 0.4 
-0.03 
 
C
akes, pastries or other desserts 
0.3 ± 0.4 
0.3 ± 0.3 
0.3 ± 0.4 
+0.01 
Pizza and/or H
am
burger 
0.1 ± 0.1 
0.1 ± 0.1 
0.1 ± 0.1 
-0.01 
 
Processed or cured m
eat 
0.3 ± 0.4 
0.3 ± 0.3 
0.3 ± 0.3 
-0.02 
R
ed m
eat 
0.8 ± 0.9 
0.8 ± 0.5 
0.7 ± 0.5 
-0.05 
 
Sw
eet biscuits 
0.3 ± 0.5 
0.3 ± 0.4 
0.3 ± 0.5 
0 
W
hite bread 
0.5 ± 0.8 
0.4 ± 0.8 
0.4 ± 0.7 
-0.12 
 
H
ot chips, roast potato or w
edges 
0.1 ± 0.2 
0.1 ± 0.1 
0.1 ± 0.1 
-0.01 
Fried or battered fish 
0.1 ± 0.1 
0.1 ± 0.1 
0.1 ± 0.1 
-0.01 
 
C
hocolate or confectionary 
0.3 ± 0.5 
0.3 ± 0.5 
0.3 ± 0.4 
-0.02 
H
igh-joule drinks 
0.5 ± 0.8 
0.4 ± 0.8 
0.4 ± 0.6 
-0.12 
 
H
igh-joule drinks 
0.2 ± 0.6 
0.2 ± 0.5 
0.2 ± 0.6 
-0.03 
H
ot chips, roast potato or w
edges 
0.1 ± 0.2 
0.1 ± 0.1 
0.1 ± 0.1 
-0.02 
 
M
eat pie or sausage rolls 
0.03 ± 0.1 
0.03 ± 0.1 
0.03 ± 0.1 
0 
M
uesli or porridge 
0.3 ± 0.6 
0.4 ± 0.5 
0.4 ± 0.5 
+0.06 
 
Potato 
0.4 ± 0.4 
0.4 ± 0.4 
0.4 ± 0.4 
-0.03 
R
educed fat m
ilk 
0.4 ± 0.7 
0.5 ± 0.7 
0.5 ± 0.9 
+0.03 
 
 
 
 
 
 
Total 
 
 
 
-0.27 
 
Total 
 
 
 
-0.1 
1. O
nly key food groups for each factor are included, listed in order of factor loadings.  
  A
ppendix K
: 
A
nalysis of change in the 2013 revised D
ietary G
uidelines Index com
ponent scores across tim
e 
This table outlines the D
G
I-2013 com
ponent scores across three tim
e points in m
en and w
om
en, w
ith paired t-test results betw
een tim
e points. 
Table L-1: 
M
ean and standard deviation of the 2013 R
evised D
ietary G
uidelines Index com
ponent scores and paired t-test across tim
e points 
 
M
en (n=1005) 
W
om
en (n=1106) 
D
G
I C
om
ponents 
2010 
2012 
2014 
P values of paired Ttest  
 
2010 
2012 
2014 
P values of paired Ttest 
 
M
ean ± standard deviation 
2010 vs. 
2012 
2012 vs. 
2014 
2010 vs. 
2014 
 
M
ean ± standard deviation 
2010 vs. 
2012 
2012 vs. 
2014 
2010 vs. 
2014 
1. V
ariety 
4.1 ± 1.3 
4.1 ± 1.3 
4.1 ± 1.4 
0.11   
0.32 
0.02 
4.7 ± 1.4 
4.6 ± 1.3 
4.5 ± 1.4 
<0.01 
0.13 
<0.01 
2. V
egetable 
4.5 ± 2.5 
4.7 ± 2.4 
4.6 ± 2.5 
0.01 
0.39 
0.08 
5.9 ± 2.5 
6.2 ± 2.4 
6.0 ± 2.5 
<0.01 
<0.01 
0.24 
3. Fruit 
7.1 ± 3.2 
7.0 ± 3.2 
7.2 ± 3.2 
0.65 
0.22 
0.48 
8.4 ± 2.7 
8.4 ± 2.7 
8.2 ± 2.8 
0.56 
<0.01 
0.03 
4a. Total cereal 
2.0 ± 1.0 
1.9 ± 0.9 
1.8 ± 1.0 
<0.01 
0.20 
<0.01 
2.6 ± 1.2 
2.5 ± 1.3 
2.4 ± 1.2 
<0.01 
0.03 
<0.01 
4b. W
holegrain 
2.6 ± 1.8 
2.2 ± 6.1 
2.7 ± 1.7 
0.07 
0.01 
0.02 
2.9 ± 1.5 
2.5 ± 6.3 
2.9 ± 1.6 
0.03 
0.02 
0.38 
4. C
ereal com
bined 
4.6 ± 2.1 
4.5 ± 2.1 
4.5 ± 2.0 
0.21 
0.83 
0.33 
5.5 ± 2.1 
5.4 ± 2.1 
5.3 ± 2.1 
0.05 
0.29 
<0.01 
5a. Total m
eat 
3.8 ± 1.2 
3.8 ± 1.2 
3.8 ± 1.2 
0.45 
0.88 
0.41 
4.3 ± 1.0 
4.3 ± 1.0 
4.3 ± 1.0 
0.35 
0.26 
0.77 
5b. Prop lean 
4.1 ± 0.6 
4.1 ± 0.6 
4.1 ± 0.6 
0.52 
0.10 
0.03 
4.4 ± 0.5 
4.4 ± 0.5 
4.4 ± 0.5 
0.81 
0.45 
0.80 
5. M
eat com
bined 
7.9 ± 1.5 
7.9 ± 1.5 
7.9 ± 1.5 
0.73 
0.42 
0.82 
8.7 ± 1.3 
8.7 ± 1.3 
8.7 ± 1.3 
0.40 
0.23 
0.74 
6. D
airy 
5.8 ± 3.0 
5.9 ± 3.0 
5.9 ± 2.9 
0.42 
0.84 
0.55 
4.3 ± 2.5 
4.3 ± 2.5 
4.2 ± 2.5 
0.25 
0.88 
0.25 
7a. Total B
ev 
3.5 ± 1.2 
3.4 ± 1.2 
3.3 ± 1.2 
0.01 
0.10 
<0.01 
4.4 ± 1.0 
4.3 ± 1.1 
4.2 ± 1.1 
0.02 
0.06 
<0.01 
7b. Prop w
ater 
3.0 ± 1.7 
2.9 ± 1.8 
2.9 ± 1.8 
0.22 
0.48 
0.69 
3.6 ± 1.6 
3.5 ± 1.7 
3.5 ± 1.7 
<0.01 
0.61 
0.02 
7. B
ev com
bined 
6.4 ± 2.4 
6.3 ± 2.5 
6.3 ± 2.5 
0.05 
0.81 
0.05 
8.0 ± 2.2 
7.8 ± 2.3 
7.7 ± 2.4 
<0.01 
0.65 
<0.01 
8. D
iscretionary 
2.5 ± 4.3 
2.6 ± 4.4 
2.7 ± 4.4 
0.50 
0.35 
0.14 
3.5 ± 4.8 
3.9 ± 4.9 
4.1 ± 4.9 
0.02 
0.06 
<0.01 
9a. Trim
 fat 
4.0 ± 1.8 
3.9 ± 4.1 
4.0 ± 1.8 
0.49 
0.31 
0.37 
4.6 ± 1.2 
4.3 ± 5.5 
4.6 ± 1.2 
0.09 
0.10 
0.79 
9b. R
educed fat m
ilk 
3.4 ± 2.3 
2.9 ± 6.8 
3.4 ± 2.3 
0.03 
0.03 
0.97 
4.2 ± 1.8 
3.7 ± 6.2 
4.0 ± 1.9 
0.02 
0.19 
<0.01 
9. Fat com
bined 
7.4 ± 3.0 
7.5 ± 3.0 
7.4 ± 3.0 
0.22 
0.47 
0.60 
8.7 ± 2.3 
8.7 ± 2.3 
8.5 ± 2.4 
0.42 
0.01 
<0.01 
10. U
n-sat 
9.8 ± 1.5 
9.6 ± 2.0 
9.7 ± 1.7 
0.01 
0.07 
0.34 
8.4 ± 3.7 
8.0 ± 4.0 
8.5 ± 3.6 
0.01 
<0.01 
0.40 
11a. Salt cooking 
3.2 ± 1.9 
3.2 ± 3.8 
3.3 ± 1.9 
0.94 
0.50 
0.15 
3.5 ± 1.9 
3.3 ± 4.8 
3.5 ± 1.9 
0.05 
0.16 
0.08 
11b. Salt dinner 
2.9 ± 2.1 
2.8 ± 3.8 
3.0 ± 2.1 
0.46 
0.10 
0.04 
3.4 ± 1.9 
3.2 ± 5.7 
3.4 ± 1.9 
0.15 
0.16 
1.00 
11. Salt com
bined 
6.1 ± 3.3 
6.2 ± 3.3 
6.3 ± 3.2 
0.08 
0.38 
0.02 
6.9 ± 3.1 
6.9 ± 3.0 
6.8 ± 3.0 
0.47 
0.53 
0.25 
12. Sugar 
7.7 ± 4.2 
8.1 ± 3.9 
8.0 ± 4.0 
0.01 
0.42 
0.03 
8.1 ± 4.0 
8.3 ± 3.8 
8.4 ± 3.7 
0.11 
0.20 
0.01 
13. A
lcohol 
8.4 ± 3.7 
8.6 ± 3.5 
8.6 ± 3.5 
0.07 
0.69 
0.04 
9.5 ± 2.2 
9.5 ± 2.1 
9.5 ± 2.1 
0.30 
0.78 
0.28 
Total D
G
I-2013 
82.2 ± 14.2 
82.9 ± 14.1 
83.0 ± 14.1 
0.02 
0.79 
0.01 
90.4 ± 13.4 
90.6 ± 13.1 
90.6 ± 13.1 
0.78 
0.98 
0.67 
 
 
Appendix 
362 
Appendix L: Computing categorical cardiometabolic risk outcome variables 
This appendix describes the methods used to classify diabetes, dyslipidaemia, the 
metabolic syndrome risk score and the inflammation score used as an outcome in 
Chapter 6, described in Section 6.3.1. 
Diabetes classification  
To determine diabetes risk, firstly, the participant’s blood test results provided an 
indication of diabetes as follows: 
• No diabetes: HbA1c levels of <6.5% or glucose <7.0mmol/L 
• Diabetes: HbA1c levels of ≥6.5% or glucose levels of ≥7.0mmol/L 
• High risk for diabetes: HbA1c levels between 6.0% and 6.5% or fasting 
plasma glucose between 6.1 and 7.0 mmol/L (Australian Bureau of 
Statistics, 2013b) 
Secondly, doctors diagnoses of diabetes and medication use were also used to 
determine the level of diabetes risk ‘known diabetes’, ‘newly diagnosed diabetes’, 
‘at high risk of diabetes’ and ‘does not have diabetes’ as outlined in Figure M-1. 
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Figure M-1: Diabetes risk classification 
Figure adapted from Australian Health Survey: Users' Guide, 2011-13 (Australian Bureau of Statistics, 2013b) 
1. Diabetes test cut off points; diabetes: HbA1c levels ≥6.5% or glucose levels ≥7.0mmol/L; high risk for diabetes: HbA1c 
levels between 6.0% and 6.5% or fasting plasma glucose between 6.1 and 7.0 mmol/ . 
 
Dyslipidemia classification 
Participants were classified as having dyslipidemia in line with the Australian 
National Health Measures Survey (Australian Bureau of Statistics, 2013b). 
Dyslipidemia was classed as having reported one or more of the following: 
• using lipid-lowering medication 
• total cholesterol  ≥5.5mmol/L 
• HDL cholesterol <1.0mmol/L for men and <1.3mmol/L for women 
• LDL cholesterol ≥3.5mmol/L 
• TAG concentrations ≥2.0mmol/L (Australian Bureau of Statistics, 2013b) 
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diabetes 
At high risk of 
diabetes 
Does not have 
diabetes 
Does not have 
diabetes 
Known 
diabetes 
Known 
diabetes 
Blood test 
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Metabolic syndrome risk score 
As described in Chapter 6, (Section 6.3.1), a continuous metabolic syndrome risk 
score was calculated using the risk factors identified by the International Diabetes 
Federation (2005). The International Diabetes Federation define the metabolic 
syndrome as having central obesity (defined as a waist circumference ≥ 94cm for 
men and ≥ 80cm for women), plus any two of the following factors: 
• Raised triglycerides (1.7 mmol/L) or treatment for this lipid abnormality 
• Reduced high density lipoprotein cholesterol (<1.03 mmol/L for men and 
<1.29 mmol/L for women) or treatment for this lipid abnormality 
•  Raised blood pressure (systolic BP ≥ 130 or diastolic BP ≥ 85 mm Hg) or 
treatment for hypertension 
• Raised fasting plasma glucose (≥ 5.6 mmol/L) or previous diagnosis with 
Type 2 diabetes (International Diabetes Federation, 2005) 
Although, the binary definition remains useful in clinical practice a continuous 
score based on these risk factors may be helpful in epidemiological studies 
(Wijndaele et al., 2006). Since the WELL study did not collect information on 
waist circumference, BMI was used as an alternative measure of obesity (Despres, 
2012; Gierach et al., 2014). The WELL study also did not have a measure of blood 
pressure, therefore, a dichotomous variable was created based on medication use 
for blood pressure as reported by participants in the Heart Health questionnaire. 
PCA was applied to the standardised metabolic syndrome risk factors (BMI, 
triglycerides, HDL cholesterol, blood pressure medication use and glucose) 
separately for men and women. Only one principal component with an eigenvalue 
> 1.0 was present in both sexes, factor loadings of the inputted variables are 
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presented in Table M-1. The identified factor was characterised by high loadings 
for BMI, TAG, glucose and taking blood pressure medication with a low loading 
for HDL. The factor loadings were used to calculate the risk score (Wijndaele et 
al., 2006). The sum of the factor loading multiplied by risk factors were calculated 
to provide the continuous metabolic syndrome risk score for individuals. 
Table M-1: Factor loadings for metabolic syndrome risk patterns identified by  
  principal component analysis in men and women of the 
Heart Health   study, 2012 
 Men (n=306)  Women (n=363) 
 Factor 1  Factor 1 
Eigenvalue 2.0  2.3 
Variance explained 39.6%  46.4% 
BMI 0.52  0.45 
Triglycerides 0.49  0.52 
HDL cholesterol -0.39  -0.47 
Blood pressure medication use 0.39  0.37 
Fasting plasma glucose 0.42  0.40 
Low-grade inflammation score 
Using a similar approach to the metabolic syndrome risk score a continuous 
inflammation score was calculated from the standardised pro-inflammation 
markers measured (hs-CRP, IL-1b, IL-6, IL-8 and TNFα). Two factors with 
eigenvalue > 1.0 was identified in men and two factors in women (Table M-2). The 
continuous inflammation score was the sum of the PCA-derived factor scores by 
summing the factor loadings multiplied by inflammation marker of both the 
identified factors. 
Table M-2: Factor loadings for patterns of inflammation markers identified by  
 principal component analysis in men and women of the Heart 
Health study, 2012 
 Men (n=306)  Women (n=363) 
 Factor 1 Factor 2  Factor 1 Factor 2 
Eigenvalue 2.5 1.1  2.4 1.0 
Variance explained 49.4% 22.8%  47.7% 20.5% 
hs-CRP -0.05 0.88  0.004 0.97 
IL-1b 0.46 -0.16  0.42 -0.20 
IL-6 0.60 -0.02  0.58 0.06 
IL-8 0.52 -0.07  0.58 -0.02 
TNFα  0.38 0.43  0.38 0.14 
 
  A
ppendix M
: C
orrelations betw
een covariates and cardiom
etabolic risk factors to identify confounders 
The relationships betw
een covariates and each of the cardiom
etabolic risk factors used in the C
hapter 6 analysis w
ere explored to identify 
confounders, using spearm
an’s correlation coefficient, A
N
O
V
A
, chi squared tests and t-tests. The results are presented for m
en (Table N
-1) and 
w
om
en (Table N
-2) below
. 
Table N
-1:  
C
orrelations betw
een covariates and cardiom
etabolic risk factors in m
en of the H
eart H
ealth study, 2012
1
 
 
B
M
I 
(kg/cm
2) 
LO
G
 
(Plasm
a 
glucose 
(m
m
ol/L) 
LO
G
(Serum
 
insulin 
(m
IU
/L) 
H
bA
1c 
(%
) 
LO
G
(H
O
M
A
-
IR
 (units) 
Total 
cholesterol 
(m
m
ol/L) 
LD
L-C
 
(m
m
ol/L) 
H
D
L-C
 
(m
m
ol/L) 
LO
G
(Triglycerides 
(m
m
ol/L) 
Inflam
m
ation 
score 
D
iabetes 
risk 
D
yslipid
em
ia 
M
etabolic 
syndrom
e 
score 
A
ge
2  
N
/S 
N
/S 
N
/S 
0.13* 
0.20** 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
B
M
I 2 
N
/A
 
0.42** 
0.56** 
0.33** 
0.59** 
N
/S
 
-0.13* 
-0.32** 
0.35** 
0.29** 
0.30** 
0.30** 
N
/A
 
Education
3  
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o form
al 
qualifications and 
up to year 10 
27.5 (3.8) a* 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
0.59 (2.6) a* 
N
/S 
N
/S 
0.59 
(1.07) a* 
Y
ear 12, 
trade/apprenticeship 
or 
certificate/diplom
a 
28.6 (5.3) a 
 
 
 
 
 
 
 
 
-0.04 (1.0) b 
 
 
0.53 (1.4) a 
U
niversity degree 
and higher 
26.6 (4.0) b 
 
 
 
 
 
 
 
 
-0.13 (1.7) b 
 
 
0.15 (1.2) b 
Em
ploym
ent status 
in 2010
3  
 
 
 
 
 
 
 
 
 
 
 
 
 
W
orking full-tim
e 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
W
orking part-tim
e 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
ot w
orking 
 
 
 
 
 
 
 
 
 
 
 
 
 
R
elationship status 
in 2010
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
Living as m
arried 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
0.3 (1.2) a* 
Separated, divorced 
or w
idow
ed 
 
 
 
 
 
 
 
 
 
 
 
 
0.9 (1.3) ab 
N
ever m
arried 
 
 
 
 
 
 
 
 
 
 
 
 
1.0 (2.0) b 
Taking m
eds for 
C
V
D
 in 2012
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
es 
28.8 
(4.9)** 
5.7 (0.9)** 
2.1 (0.7)** 
5.9 (0.5)** 
0.7 (0.7)** 
4.4 (1.0)** 
2.5 (0.8)** 
1.3 (0.3)** 
0.3 (0.5)* 
0.2 (2.1)* 
N
/A
 
N
/A
 
1.0 (1.3)** 
  Table N
-1:  
C
orrelations betw
een covariates and cardiom
etabolic risk factors in m
en of the H
eart H
ealth study, 2012
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B
M
I 
(kg/cm
2) 
LO
G
 
(Plasm
a 
glucose 
(m
m
ol/L) 
LO
G
(Serum
 
insulin 
(m
IU
/L) 
H
bA
1c 
(%
) 
LO
G
(H
O
M
A
-
IR
 (units) 
Total 
cholesterol 
(m
m
ol/L) 
LD
L-C
 
(m
m
ol/L) 
H
D
L-C
 
(m
m
ol/L) 
LO
G
(Triglycerides 
(m
m
ol/L) 
Inflam
m
ation 
score 
D
iabetes 
risk 
D
yslipid
em
ia 
M
etabolic 
syndrom
e 
score 
N
o 
26.3 (3.5) 
5.2 (1.2) 
1.6 (0.7) 
5.6 (0.5) 
0.1 (0.7) 
5.2 (0.9) 
3.2 (0.7) 
1.4 (0.4) 
0.2 (0.5) 
-0.2 (1.5) 
 
 
-0.27 (0.9) 
Taking m
eds for 
diabetes in 2012
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
es 
32.1 
(4.6)** 
7.3 (2.0)** 
2.3 (0.9)** 
6.8 (0.7)** 
1.2 (0.9)** 
4.1 (1.0)** 
2.2 (0.7)** 
N
/S 
N
/S 
N
/S 
N
/A
 
N
/S 
2.2 (1.2)** 
N
o 
27.1 (4.4) 
5.3 (0.7) 
1.8 (0.7) 
5.8 (0.4) 
0.3 (0.7) 
4.8 (1.0) 
2.9 (0.8) 
 
 
 
 
 
0.2 (1.1) 
Sm
oking status in 
2012
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
on sm
oker 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
4.9 (1.0) a* 
2.9 (0.8) a* 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
U
se to sm
oke 
 
 
 
 
 
4.6 (1.0) b 
2.6 (0.8) b 
 
 
 
 
 
 
Sm
oker 
 
 
 
 
 
5.0 (1.0) ab 
2.9 (0.9) ab 
 
 
 
 
 
 
Physical activity: 
Total M
ETs in 
2012
2 
-0.13* 
-0.17* 
-0.24** 
-0.07* 
-0.25** 
N
/S 
N
/S 
0.22** 
-0.12* 
N
/S 
N
/S 
N
/S 
-0.21** 
1. O
nly sig results are show
n. A
bbreviations: B
M
I- body m
ass index, C
V
D
-cardiovascular disease, m
eds- m
edications, M
ETs- m
etabolic equivalents, N
/S- not significant, N
/A
- not applicable (could not be tested as 
covariate w
as used to com
pute cardiom
etabolic risk factor), H
bA
1c- glycated hem
oglobin, H
D
L-C
- high density lipoprotein cholesterol, H
R
T-horm
one replacem
ent therapy, LD
L-C
- low
 density lipoprotein cholesterol. 
2. Spearm
an’s R
ho; values are regression coefficient * P<0.05; ** P<0.001 
3. A
N
O
V
A
; values are m
ean (SD
) (w
here letters differ sig* P<0.05; ** P<0.001) 
4. Ttest or C
hi2 test; * P<0.05; ** P<0.001 
 
 
  Table N
-2:  
C
orrelations betw
een covariates and cardiom
etabolic risk factors in w
om
en of the H
eart H
ealth study, 2012
1
 
 
B
M
I 
(kg/cm
2) 
Fasting 
plasm
a 
glucose 
(m
m
ol/L) 
Fasting 
serum
 
insulin 
(m
IU
/L) 
 
H
bA
1c (%
) 
H
O
M
A
-IR
 
(units) 
Total 
cholesterol 
(m
m
ol/L) 
LD
L-C
 
(m
m
ol/L) 
H
D
L-C
 
(m
m
ol/L) 
Triglycerides 
(m
m
ol/L) 
Inflam
m
ation 
score 
D
iabetes 
risk 
D
yslipid
em
ia 
M
etabolic 
syndrom
e 
score 
A
ge
2 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
B
M
I 2 
N
/A
 
0.27** 
0.49** 
0.20** 
0.49
2** 
N
/S
 
N
/S
 
-0.38** 
0.46** 
0.38** 
N
/S
 
0.20** 
N
/A
 
Education
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
o form
al 
qualifications and up 
to year 10 
N
/S 
N
/S 
1.8 (0.8) a* 
5.8 (0.5) a* 
5.8 (0.5) a* 
N
/S 
N
/S 
N
/S 
0.17 (0.5) a* 
N
/S 
N
/S 
N
/S 
-0.15 
(1.5) a* 
Y
ear 12, 
trade/apprenticeship or 
certificate/diplom
a 
 
 
1.6 (0.7) ab 
5.7 (0.3) ab 
5.7 (0.3) ab 
 
 
 
0.08 (0.4) ab 
 
 
 
-0.52 (1.2) ab 
U
niversity degree and 
higher 
 
 
1.6 (0.6) b 
5.6 (0.3) b 
5.6 (0.3) b 
 
 
 
0.004 (0.4) b 
 
 
 
-0.64 (1.3) b 
Em
ploym
ent status in 
2010
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
W
orking full-tim
e 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
5.7 (1.0) a* 
3.5 (0.8) a* 
N
/S 
0.07 (0.5) ab* 
N
/S 
N
/S 
N
/S 
N
/S 
W
orking part-tim
e 
 
 
 
 
 
5.2 (0.9) b 
3.0 (0.8) b 
 
-0.004 (0.4) b 
 
 
 
 
N
ot w
orking 
 
 
 
 
 
5.5 (0.9) a 
3.2 (0.8) ab 
 
0.1 (0.5) a 
 
 
 
 
R
elationship status in 
2010
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
Living as m
arried 
N
/S 
4.9 (0.7) a* 
N
/S 
5.6 (0.3) a* 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
Separated, divorced or 
w
idow
ed 
 
5.1 (0.7) ab 
 
5.7 (0.3) a 
 
 
 
 
 
 
 
 
 
N
ever m
arried 
 
5.5 (1.4) b 
 
6.0 (1.0) b 
 
 
 
 
 
 
 
 
 
Taking m
eds for C
V
D
 
in 2012
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Y
es  
28.2 
(7.3)** 
5.1 (0.8)* 
1.9 (0.8)** 
5.7 (0.4)* 
0.4 (0.6)** 
5.1 (0.9)** 
2.8 (0.8)** 
1.6 (0.4)** 
0.2 (0.5)** 
N
/S 
N
/S 
N
/A
 
0.2 (1.5)** 
 N
o 
24.7 (4.4) 
4.9 (0.7) 
1.6 (0.6) 
5.6 (0.4) 
0.02 (0.7) 
5.8 (0.9) 
3.4 (0.8) 
1.8 (0.5) 
-0.01 (0.4) 
 
 
 
-1.04 (0.7) 
Taking m
eds for 
diabetes in 2012
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
Y
es 
35.7 (9.9) ** 
7.0 (1.6)** 
2.7 (0.5)** 
6.8 (1.3)** 
1.5 (0.6)** 
4.7 (1.2)* 
2.5 (1.1)* 
1.3 (0.3)* 
0.6 (0.4)* 
N
/S 
N
/A
 
N
/S
 
2.5 (1.7)** 
N
o 
26.1 (5.9) 
5.0 (0.6) 
1.7 (0.7) 
5.6 (0.3) 
0.1 (0.8) 
5.4 (1.0) 
3.2 (0.8) 
1.7 (0.5) 
0.07 (0.4) 
 
 
 
-0.5 (1.3) 
Taking H
R
T in 2012
4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Y
es 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S
4 
N
/S 
N
/S
4 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
o 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sm
oking status in 
2012
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
on sm
oker 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
N
/S 
1.7 (0.5) a* 
0.6 (0.4) a* 
N
/S 
N
/S 
N
/S 
N
/S 
U
se to sm
oke 
 
 
 
 
 
 
 
1.8 (0.5) b 
0.5 (0.4) b 
 
 
 
 
Sm
oker 
 
 
 
 
 
 
 
1.6 (0.5) c 
0.3 (0.5) a 
 
 
 
 
  Physical activity: Total 
M
ETs in 2012
2 
-0.21** 
-0.20** 
-0.20** 
N
/S 
-0.21** 
N
/S 
N
/S 
0.18** 
-0.22** 
-0.15* 
N
/S 
N
/S 
-0.27** 
1. O
nly sig results are show
n. A
bbreviations: B
M
I- body m
ass index, C
V
D
-cardiovascular disease, m
eds- m
edications, M
ETs- m
etabolic equivalents, N
/S- not significant, N
/A
- not applicable (could not be tested as 
covariate w
as used to com
pute cardiom
etabolic risk factor), H
bA
1c- glycated hem
oglobin, H
D
L-C
- high density lipoprotein cholesterol, H
R
T-horm
one replacem
ent therapy, LD
L-C
- low
 density lipoprotein cholesterol. 
2. Spearm
an’s R
ho; values are regression coefficient * P<0.05; ** P<0.001 
3. A
N
O
V
A
; values are m
ean (SD
) (w
here letters differ sig* P<0.05; ** P<0.001) 
4. Ttest or C
hi2 test; * P<0.05; ** P<0.001 
   
Appendix 
370 
Appendix N: Collinearity diagnostic tests 
Collinearity diagnostic tests were run for each model used for the analysis in 
Chapter 6 to check the collinearity between covariates in men and women (Table 
O-1). The collinearity assumption is met if tolerance was >0.2 (Menard, 1995) and 
if the variance inflation factor was <10 (Myers, 1990). 
 
Table O-1:  Collinearity diagnostic tests between cardiometabolic risk and  
 covariates in men and women1 
Men 
  Tolerance >0.2 
VIF 
<10 
BMI (kg/cm2)  3 age, education, medications (CVD and diabetes) and PA Yes Yes 
Plasma glucose (mmol/L)4 age, BMI, medications (CVD and diabetes) and PA Yes Yes 
Serum insulin (mIU/L)4 age, BMI, medications (CVD and diabetes) and PA Yes Yes 
HbA1c (%) age, BMI, medications (CVD and diabetes) and PA Yes Yes 
HOMA-IR (units)4 age, BMI, medications (CVD and diabetes) and PA Yes Yes 
Total cholesterol 
(mmol/L) 
age, BMI, medications (CVD and diabetes) and smoking 
status 
Yes Yes 
LDL-C (mmol/L) age, BMI, medications (CVD and diabetes) and smoking status 
Yes Yes 
HDL-C (mmol/L) age, BMI, medications (CVD) and PA Yes Yes 
Triglycerides (mmol/L)4 age, BMI, medications (CVD) and PA Yes Yes 
Inflammation score4 age, BMI, education and medications (CVD) Yes Yes 
Met Score age, education, marital status, medications (CVD and diabetes) and PA 
Yes Yes 
Has diabetes (odds ratio) age, BMI Yes Yes 
Has dyslipidaemia (odds 
ratio) 
age, BMI Yes Yes 
Women 
BMI (kg/cm2) 3 age, medications (CVD and diabetes) and PA Yes Yes 
Plasma glucose (mmol/L)4 age, BMI, relationship status, medications (CVD and diabetes) and PA 
Yes Yes 
Serum insulin (mIU/L)4 age, BMI, education, medications (CVD and diabetes) and PA Yes Yes 
HbA1c (%) age, BMI, education, relationship status, medications (CVD and diabetes) 
Yes Yes 
HOMA-IR (units)4 age, BMI, education, medications (CVD and diabetes) and PA Yes Yes 
Total cholesterol 
(mmol/L) 
age, BMI, employment and medications (CVD and diabetes) Yes Yes 
LDL-C (mmol/L) age, BMI, employment and medications (CVD and diabetes) Yes Yes 
HDL-C (mmol/L) age, BMI, employment, medications (CVD and diabetes), smoking and PA 
Yes Yes 
Triglycerides (mmol/L)5 age, BMI, education, employment, medications (CVD and diabetes), smoking and PA 
Yes Yes 
Inflammation score4 age, BMI and PA Yes Yes 
Met Score age, education, medications (CVD and diabetes) and PA Yes Yes 
Has dyslipidaemia (Odds 
ratio) 
age and BMI Yes Yes 
1. Tolerance >0.2 (Menard, 1995) and VIF <10 (Myers, 1990). Abbreviations: BMI- body mass index, CVD- cardiovascular 
disease, HbA1c- Glycated Hemoglobin, HDL-C- High Density Lipoprotein Cholesterol, HOMA-IR- Homeostasis Model 
of Assessment-Insulin Resistance, LDL-C- Low Density Lipoprotein Cholesterol, Met- metabolic syndrome, PA- physical 
activity, VIF- variance inflation factor. 
